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ABSTRACT

High Resolution Measurements

R
:3-2:§
e
by ‘-:._j

Mt

Parris Cornel Neal, Doctor of Philosophy \:T
Utah State University, 1985 o

N

%&
b

of OH Infrared Airglow Structure

Major Professors: Dr. Doran J. Baker and Dr. Kay D. Baker
Department: Electrical Engineering

RN
—_ LN
- Disturbances in the narmally calm atmospheric airglow p{}

y ] .
¥

layer, which cause bright and dark bands or 4::;iposiLto E
S
appear, have been abserved. These disturbances are S}}
- NESY
ttribut to % “ ti th h th ot
attributed o gravity waves propagating roug e S
\

atmosphere. An instrument capable of resolving the

temporal, spatial, and spectral attributes of OH infrared
emissions was designed to gather quantitative data on

airglow structure.

An apticallyz:omponsatod inter4orom.tor/&poctrometer was :ﬂ}‘

NIRRT

chosen as the basic instrument to measure this phenomenon.— &, -}
.___.}

This high~throughput instrument (0.2895 cm2 sr) is an order 7t !:;
s N

o+ magnitude more sensitive than more conventional 3ﬂ.
e

spectrometers having a noise equivalent spectral radiance of &3
16 R/q:m-1 at 1.8 pm, A spectral resolution of 2 cm.l was g;
abtained. The high-throughput of the aoptically-compensated -ﬁf

3¢ 4 8 04av -.:_

P SO AT




‘T 20

XVi
interferome makes possible temporal resolution as short
as 30 secondSr:>Spatial data were obtained by matching the
interferometer’s highzlhroughput to a unique optical system
which includes a 50~-cm diameter telescope. This-f'+it+ve¥§'

/,wlarg.Adian.%er Dalljkirkham telescope maintains the large
throughput of the interferometer but narrows the instrument

field of view to less than a degree. The spatial resolution

of the system is 14 milliradiansv

-
-

The interferometer was ope}ated in conjunction with a
low-1ight level infrared imaging isocon camera system
provided by the University of Sauthampton, England. The
camera was co-aligned with the telescope to provided an

infrared video "eye" for the interferometer.

" A bright OH Meinel airglow structure event was recorded,,

e

on June 15, 1983 +from an observation site located‘nt
Sacramento Peak, New Mexico.” The structures were measured

at elevation angles near the horizon. Apparent wavelengths,
PR

periods, and phase velocities, of 24%1 km, 14¥1 minutes, and

e

2882 meters/second respectively, were calculated for the
recorded structuro.’-Thc interferometer data show intensity
modulations of ZOEhO% 'within the structure. Rotational
temperatures were also calculated using the interferometer
spectral data. A mean rotational tempe.ature ot 165 'K was
calculated and temperature modulations of S-10 °K were

recorded in phase with the intensity modulations.

(267 pages)
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AFIT/NR
Wright-Patterson AFB OH 45433
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RESEARCH ASSESSMENT QUESTIONS:
1. Did this research contribute to a current Air Force project?
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K INTRODUCTION ',
B
3 The mesosphere is the interface region between the }t
< earths’ inner and outer atmospheres. Occurrences at the ﬂﬁ:
L > ‘_'..
mesopause include: the temperature gradient makes a sign
:: change, the atmospheric pressure, density, and mean Eﬁ-
.. \’_‘..
‘C molecular weight all have an inflection point in their iﬁg
“» LY
: T
respective curves [(Banks and Kockarts 1973]. The atmosphere T
E makes a transition from a fluid to free molecular flow in ﬂ{k
Of this region which accounts for these changes. The unique :ft
praoperties of the mesospheric region are of great interest
i in understanding the middle atmosphere and its influence on {ﬁ;
vy the energy budget of the earth. e
..
x The 80 to 100 km region (mesosphere) is a difficult ;“E
5 region to study because the altitude is too low +for direct kﬁ:
5 satellite observations and too high for direct balloon or ;',
fud
y—2 airplane measurements. Ground based studies are hampered by f
- PN
J: the intervening atmasphere. There are some relatively x}:
- S
. transparent atmospheric "windows" in the near infrared, Ei&;
L% A Y
- however. Hydroxyl radicals (OH) reside in this mesaspheric r?
{: region in sufficient concentrations to radiate a large jfg
"' . --‘.-
p’ amount of energy at the red and near infrared wavelengths }{:
(Baker 19781.
i R
- ]
- ey
I.' :\:::-:
P

- R . e T e et IR '._‘-'_'. L
DR GRS T Sl R A D S R R R M T R P AL O P




¥

CEENA A A LN AT s VW TRy vs -

. e

TR T R

DA Y R Y
SPINE! AN

- JER

Ve WU AT RTRT - . L al N AT e AdERUE NS A ERE NN S R A AR A S A Al S i SRt o R

n;‘.}-

K

7-

2 e
b,

The excitation of OH is caused by various solar and WO
chemical Processes. The excited OH radical is a complex tF
A
vibrational-rotational system which emits radiation ﬁf‘
:.:.:-\’.

spectrally. The spectral radiation distribution is near '?5
n‘. *

l’ﬁ

Maxwell-Baltzmann in nature [Baker 197813 therefore, the OH ‘~»
spectral radiation can be measured, the PBoltzmann : i
distribution determined, and a rotational temperature jtﬁ
calculated fWare 19801. This temperature can then be used !;

to help understand the chemistry and physics of the entire
region. Banks and Kockarts £1973]1 show that mesospheric

temperatures during the summer months at a mid-latitude site

can be expected to be between 150 *K and 190 °K. =3
Recent studies have shown that mesospheric optical }:f

radiation called airglow has, at times, exhibited some
*wavelike"” structure [Taylor et al. 19801. These waves have f?:
been studied using photographic and photometric methods.
The object of this study was to develop and utilize an

instrument to provide quantitative data of OH rotational

temperature and intensity variations during these airglow :ﬁ3

structure events . _

Airglow Structure Measurement Background S

The atmospheric airglow layer has been observed and
studied +or many years using a variety ot methods. The R
studies conducted during the decades from 1930 to 1970,
however, failed to recognize the nature of the airglow E:"

structure phenomenon. Rayleigh [19311 was among the +$irst

29
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to recoanize the difference between airglow and aurora. He

SsHMEEE ¢ 5 ¢ o 4 + sTEEEY. . .

referred to the enhanced airglow as “non-polar aurorae."

Photographs of the airglow structure were presented in 1952

7.7 """

by Hotémeister [1932)3 but again, neither the identity nor

the source of the airglow structure was understoad.

-

Chamberlain [(1961) briefly outlines the historical efforts
in airglow studies up until 1961, During the decade of the
l 60s the techniques of photometry were perfected and most
: optical atmospheric study efforts were centered around these
methods.

I Kieffaber [1973] presented photographic evidence in 1972
of apparent airglow "waves" and “"cells’" in the 7?50-900 nm
wavelength region using infrared film and a 35-mm camera.
. She proposed that the airglow stripes originated from a
disturbance in the OH layer. Again in late 1972, Peterson
0 and Kietfaber [1973]1 recorded more occurrences of structure
at their mid-latitude.site near Albuquerque, NMew Mexico.

The photographically recorded events were also tracked with

-

infrared photometers (1.835 and 2.2 pm) and shown to be

YIRS e

moving between 20 and 40 meters/second.

In 1929, Crawford et al. [19731 flew an image
intensified isocon television system on board NASA's CV990
aircraft. Peterson and Kieffaber (19751 obser . ed on the
same flight with their cameras and photometers. Both graups
recorded "cloud-like"* airglow structures,. Again using 3%5-mm
cCameras, Moreels and Herse (1977] measured extensive OH

airglow structure over Europe. Their findings were similar
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q
to those of Peterson and Kieffaber. Waves on the order of
40-km spatial wavelength appeared to be traveling at

' horizontal speeds from 13 to 20 meters/secand. FPetersaon

(1979] was able to record numerous accurrences fraom L1975

through 1978 with some of the events being enhanced engugh
to see the structure with the naked eve. The University of
Southampton Atmospheric Physics group [Taylor et al. 1980

and Taylor 19841 recorded wmany structure events with the

. S F.".veve e =

image isocon television cameras from 1923 thraoaugh 1983,
Using radiometric techniques, Huppi and Baker [197&] also

recorded OH intensity variations. Takeuchi and Misawa

JTRTOEEEEY ' L.

. [19811 record some short-period waves of OH intensity and
- rotational temperature using a tilting +filter photometer.
l This study wused a narrow field of view, fast scan rate
instrument. The spectral resolutiaon was rather coarse,
. however, (unable to resolve the base line between adjacent
l band lines) and the measurements were taken without the aid
of any photographic or video equipment making it difficult

to identify what was being observed. Airglow structure was

. R pt

also recorded by Peterson and Adams [1983]1 during a total
lunar eclipse in the summer o+ 1982. In this lunar eclipse
study extensive use was made of photographic equipment as

well as a vertical sounding radar.

B2 e P

During the decade of the 1970's, interferometric-

spectroscopy applied to middle atmospheric research matured

LIS S S

as a measurement science. Interferograms processed using

computer-based +fast Fourier transfarm (FFT) methods vielded




U AR TR TR u—"

S
high-resolution OH airglow spectra f:om which intensity and
rotational temperatures could be extracted. Baker (19781
presents an excellent summary of the studies conducted in
this area. However, because the instruments used had wide

fields of view (therefore integration over large areas), low

B s itihlaindy WY R

L%
‘

throughput (therefore 1long integration times), or low

'
PR

spectral resolution the small spatial airglow variations

“r
.

were not able to be spectroscopically measured at high

resolution.

q~ The references cited and many others have recorded OH
i airglow structure events. However, nane of the researchers
f. were able to provide a measure of high-resolution spectral
changes and therefore calculate the differences in OH
rotational temperature of the dark and bright band “waves."
This dissertatian gives the design, develaopment, and

operation of a special high-throughput, narrow field o+f

view, fast scan interferometer-spectrometenr which can
spectrally, spatially, and temporally resolve the OH airglow

emission structure,

Airglow Structure and the Theory

|
"
-
x
——
-
o
ot
‘L

of Atmospheric Gravity Waves

In é landmark paper, Hines [1960) suggested that under Y
certain conditions the atmosphere could be disturbed by a :}{
“gravity wave." Later, Hines [(1965] hypothesized that the :ig
passage of internal gravity waves (IGW's) through the

atmosphere would cause some reversible, adiabatic heating
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. (temperature fluctuations associated with waves) until the :;-
. .4 '-
dissipation of the wave became excessive. Along with his ' 3
. P
. --_'-\
- gravity wave hypothesis, Hines [1963] gave a simple madel to RO
. s
- NN
iy describe bhis suspected IGW temperature fluctuations. Using ﬁx-
’ als
some constants from the high-altitude vapor-trail L“-
- S

s
‘

0

e

measurements of Kochanski [1964] in the Hines model, a

voetx
PN
MR

calculated temperature change of 6 °K could be expected in Ko
- .ﬁ.
canjunction with the passage of an IGW through the E_

atmosphere. Temperature and wind measurements by Rai and e

Fejer [19271]) using rocket-grenade technigues support the IGW

hypothesis put forth by Hines,
N The atmospheric scientific community in the Soviet Union
<. has done extensive work in the area af an adiabatic-

oscillation IGW model similar to the work of Hines {19601].

h
f
-‘J

1
]

Krassovsky et al. (19771 summarize much of the modeling and

e
v % %

measurement e+ orts of this group. The basic instrument

used is a three-axis diffraction spectrograph, supported by

. various photometers. The large data base of measurements ol

E presented, shows strang correlatiaon between the magnitude of i;

= the temperature modulation and the period of the IGW. The E.

32 observational data presented exhibit, for IGW periods of

E about 25 minutes, the calculated rotational temperature ;i

.5 changes o+ about & °K wit's the passing of the wave F;

é: {Krassovseky et al. 19771. Additionally, the Soviet work %Jﬁ
:3 indicateas that a significant rotational temperature {;ﬁ
-: difference can be seen between high leve} and low level OH 533
;ﬁ vibrational transitions. The observed differences range Lﬁ;
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from S to 25 °K with the high vibrational level transitions

appearing hotter.

Interferometers and Fourier

Transform Spectroscopy

The Michelson interferometer was invented in the 1880's
by Albert Abraham Michelsan [Shankland 19741. In the
Michelson-Mor ley experiment, the instrument was used in an
attempt to measure the @arth’'s movement through an “"ether."
Michelson also used his interferometer to determine the
exact length of the standard meter and to measure the
diameter of celestial bodies. He also discovered the
spectral fine stfucturo af hydrogen, mercury, and thallium
[Shankland 1974]. This pointed out the potential for what
would be later be called "Fourier spectroscopy.”

Optically-sensitive detectors were subsequently used in
conjunction with Michelson interferometers, in which one
mirror was mechanically displaced at a constant rate, to
praduce an electrical interferogram. The interferaogram was
then inverted using Fourjer transform techniques to yield
direct spectral data. In 1910, Ruben and Woods ([(Connes
19631 obtained the +first far infrared spectrum using this
method. Fellgett (1949] and JacqQuinot (193541 independently

showed the inherent advantage that the interferometer has

over grating and prism spectrometers, This advantage
results from measuring all spectral components
simultaneocousliy. This improvement was referred to by
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e’ Fellgett as "multiplex spectrascapy.” Jacquinot (Connes

19631 also showed that absence of slits in Michelson

-

- KSR,
- » _,-.
3 spectrometry also improved system throughput when compared :}3
» "'-‘
[ e

with conventional grating methods. Qﬁ

~
ey

The advent of large, fast computers and the development
o+t the fast Fourier transform [Forman 19681, which together

could calculate a large Fourier transform quickly, spread

et it
o

the use o0of Fourier transforms for power spectral density
analysis into many fields. Notable contributions were made
in the +field in the 19%0's, 1960’'s, and 1970's by Mertz
{19591, Connes (1956], Gebbie and Vanasse (19361, Strong and
Vanasse (1959], Forman [19661], Stair and Baker (197241,
- Haycock and Baker [192381], and Steed [1978]. Many of the
improvements in the field were reported at the 1970 Aspen
Conference on Faurier Spectroscopy [Vanasse et al. 19711,
- Figure 1-1 shows the typical lavout of the Michelson ;?:
interferometer. The system is comprised of a beamsplitter

that divides the incoming light beam into two equal parts, ?fp

:f two mirrors (M1 is stationary and M2 is mobile), and a ﬂn;
condenser lens to focus the light on to a detector. k=

- The incoming 1light is divided into two portions by the %

- -, -‘4’

. beamsplitter with each portion directed to its respective ][ﬂ

el

- mirror, The ener gy is then reflected by the mirrors and is 7€¥
:\' ‘ ‘:‘,
'i recombined at the beamsplitter and passed onto the detector S
J ‘.\

- -
o’ FUSRA
: system. The recombined beam is modulated by differences in JCOLS

LA S

: a
- the path lengths between the beamsplitter and each of the RIS
. RESAL
. AN
. mirrors. 14 the mobile mirror M, is in & position such ﬂﬁq
'.-. '::".:\
- oy
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Figure 1-1. Layout of a conventional Mi;helson
interferometer.

that the path length AC is the same as the path length AB,

then the recombined signals are in phase and thus add ﬁ%ﬁ
constructively. The same constructive addition occurs when Sﬁ;
the path length difference BC-AC is any integral number of 2%%
wavelengths of the incoming signal. On the other hand, if %5§
the path length difference is not an integral multiple of ?%S
the wavelength, then the recombined signal will have varying EEE
amounts of destructivg interference depending upon the phase :ﬁ%
difference. As the path length AC is changed in a uniform E;;
manner, .by moving M at a constant rate, the electrical f;.

2 Elﬁ

signal from the detector is the interferogram of the
incoming optical signal. The Fourier transformed

interferogram yields the spectra{ content of the incoming

light. e
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The simul taneous measurement o+ high-resolution &ﬂ

%

spectral, temporal, and spatial characteristics of the OH F

E: airglow structure requires an instrument with both a narrow {ﬁ:
-

field of view and high throughput, The standard Michelson

interferometer, when used for high-~resolutior measurements,

]a

E' has a narraow field of view but its low throughput would make :
5‘ it an order of magnitude less sensitive. 53
" The narrow field of view limitatiaon of a standard ii
* Michelson interferometer is illustrated in Figure 1-2. When 'ﬁ
i‘ incoming energy is allowed to enter the interferameter off- i;;
; axis (0#0°) the relationship between the displacement of g;
’§ mirror M2 and the actual path difference between the two &i
li mirrors is altered. The path difference or retardation is '53

no longer 27 as it is when light is coming straight into the E;
25 instrument, but now is 2¢dcos0, where 0 is the angle of the ‘=:
g incoming light with respect tao the entry normal, For an

instrument with a given resolving power the maximum usable E;

field of view for a standard Michelson interferometer is, ‘iu
;' according to Vanasse [1977) :i?
a__ =2w/R . (1.1)
. o
% where Ei
EE nmax = maximum field of view in steradians, Eﬁ
Ei R = resolving power 0% instrument. Eg
e N

To increase the throughput (thus achieving a faster scan

rate) an optically~compensated interferometer was chosen for e

- use in this study. There have been many proposed methaods ;&
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‘ﬁ of field-widening or optical-compensation for increasing the 5&:
~l :i:J
throughput oaf an interferometer. These techniques are F
Y

v %
"o
"..
ety

reviewed by Baker [Vanasse 19771. The method used far the

',
NN

instrument in this study was +first proposed by Connes

LA A
.

n"':'

. f.

(19861, and uses opptical-compensation wedges ar prisms in

s .

." '-._ﬂ
{

EAPAPRRAMTNS

each leg of the interferometer (specific details are

v

st b

discussed in Chapter I11). Optical compensatian increases

.

k]

the throughput by increasing the usable field of view 0f the

e .I-
.

instrument. However, the measurement of OH airglow

structure requires a small field of view. The high

throughput of the compensated interferometer was matched
o (maintaining temporal resolution) to a special optical fiﬁ

. system which included a large-diameter telescope to obtain

Ty the desired narrow field of view while maintaining

3 throughput.

- The interferometer system was now able to simultaneousl,

o resplve the spectral, temporal, and spatial characteristics !
g& of the OH airglow structure. However, because the measured ;;;
% radiation was in the infrared it was necessary to locate and Egaj
= measure a structure occurrence and to characterize the total E;a
%‘ structure into which the interferometer was loaking. The -
Eé video viewing system used is described in the next section. ‘;i
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Isocaon Televisian System

Tavylor [19683~-84] participated in this research by

providing and operating a low 1light-level infrared

X2 WY

television camera used in conjunction with the

interferumeter—speqtrometer. This Southampton University

B
R R

infrared TV camera allowed any airglow structure to be

(]
PRt

quickly and efficiently identified and permanently recorded

3 as video information. Taylor’'s system employed an image

0
Lt
s

intensified isocon television system. This isocon

)
5
LU

television system is briefly described here for

R}

{; completeness.
The isocon tube is different than other scanning image

tubes in that it uses a different portion of the scanning

- electron beam to create the signal. The low-energy electron :ﬁf
beam scans a high-resistance target as in other tubes;
however, the isocon signal comes from the electrons that are .
scattered aoff the target [Soule 1968]) rather than the

.- reflected electrons used by conventional equipment oy

(orthicons use the reflected beam). The scattered signal,
although small in magnitude, has a high signal-to-noise DENE
:ﬁ ratio, and is particularly well suited to the viewing of the
low-contrast, faint OH airglow. o

The TV system used to image the airglow structures was

specially modified to enable clear images of the OH airglow :ﬂﬁ

i o\.\_\ .l:" _

patterns to be obtained in less than a second (Taylor 19841.

L4

The television camera used was an English Electric Valve

> a

NI

Miniature Isocon, Type P1477 +itted with a single-stage

J
. "‘"-: I
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image intensifier, optically coupled to a S55-mm image isocon
tube. The camera has a signal-to-noise ratio of
approximately 40 dB at 10 ft-candles (starlight conditions)
and a dynamic range of about 2000:1.

To further enhance the capability of the camera to image
very faint airglow structures, it was arranged for the
electronic image to be integrated on the target of the TV
tube for a period of up to a second {longer integration
times allaw the image charge on the target to migrate and
thus smear the image) before being scanned and recorded anto
video tape (Taylaor 19841. This technique is particularly
useful as it improves the signal-to-noise ratio of the
airglaow signal by nearly an order aof magnitude (7 times +for
a \l-second integration period) with no significant loss of
temporal resolution,

The camera has an extended red spectral response (325
with a peak sensitivity at about 3500 nm and a lang
wavelength cut off at 900 nm. Images of the near-infrared
OH structure were obtained by placing a Schott RG715 band
stop filter in front of the camera lens. The combined
response of this filter and the TV camera gave a bandwidth
(half maximum) of 715 to 850 nm and a peak sensitivity
around 730 nm, This bandwidth is illustrated in Figure (-3,
The location of all the OH emission bands within this
spectral range are indicated. The intensity in the zenith
of the OH emission within this bandpass is typicall,y 3 to 1S

kR the principal emissions are the OH (9,4) and (S,1)

. R T T D L , - .
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-16 |
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wavelengthinm)

Figure 1-3. Isocon camera system spectral range including
the OH emissions within that range [Taylor 1983-841].

Meinel bands [Taylor 19841. The camera was fitted with a
Nikon 835-mm, $/71.49 lens and was adjusted to give an almost
square field of view of 15* horizontal by 13* vertical. The
isocon camera used in this study is shown in Figure 2-9,

mounted on the interferometer telescope.
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The Southampton TV cameéras have been used for many years

to "photograph” the near-infrared OH airglow structure. An

c RTS8 B Ao S EEmmEY v -

example of the quality of the video data gathered is shown
in Figure 1-49, This video frame was taken in August of 1980
while observing over the Swiss Alps. The bright and dark
bands each subtend about 1* of arc. These data were the
basis upon which the interferometer’s field of view was

designed in order to resolve the spatial nature of the OH

Y TSR RS 2]

airglow structure.

SRS e

Scope and Objectives

»
E: The 'spoclfic goals and objectives are outlined as
- follows:

- 1. Design and develop an optical instrumentation systewm
% capable of quantifying the spatial, spectral, and
% temporal characteristics of OH near-infrared night
! airglow structure. The instrumental field of view must

be one degree or less to resolve the structural

characteristics of the airglow. The system must have

‘HR[.

spectral resolutiaon of better than 3 c:m.1 in order to
provide spectra from which OH rotational temperatures

can be calculated using appropriate algorithms and

digital computer programs. The NESR must be sufficient

. "

2 a J‘l ". “, .'. o,

to resolve the OH near-infrared airglow with scan times
ot less than 1 minute to resolve the temporal

fluctuations of the airglow structure.
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2. Use the instrumentation system to measure the spectral,

spatial, and temporal characteristics of OH near-
‘ infrared airglow structure from a mid-latitude observing I
' r;‘.
. site. o
1] rﬂ.h
A
‘ -

i 3. Develop and apply signal processing procedures extending
the sampling and FFT work of Ware [1980]1 to extract both
radiance and rotational temperature variations of OH

I airglow structure.

4. Derive error bounds on the measurement data, based upon
system specificatians such as field of view, scan speed,

l and spectral resolution, as well as instrument
calibration, and signal praocessing techniques.

S. Present the abservational results, correlate intensity
variations, temperature fluctuations, and structure with
simultaneous near-infrared video images, and compare the
findings with expected OH airglow dynamics studies from

other investigators.
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CHAPTER 1II

OPTICAL INSTRUMENTATION SYSTEM DESIGN

Design Philosophy

The goal of this study was to develop a technique +for

DAl LA Ll SRR PRI e I BRI ey

simultaneously measuring the spatial, spectral, and temporal

.

AR

e
PR

characteristics of OH near-infrared airglow structures. The

~w
.

basic ingtrumental approach chosen to provide the spectral

resolving capability is a Michelson interferometer-

- R T T Y o

spectrometer which is optically-compensated to achieve a

very high throughput. The compensation technique used makes

it possible for obliquely incident optical energy up to S

degrees off axis to contribute to the detected signal

without sacrificing spectral resalution. This resulting

P )

high throughput, within the interferometer, is matched at
the input to a large diameter collecting telescope yielding

a sub-degree +field of view needed for spatial resolving

LR e

power., The entire optical system is diagrammatically shown

in Figure 2-1.

i An opptically-compensated interferometer has the high
E throughput needed to achieve a relatively high temporal
Ei resolving power, in other words, a scan time of less than a
,
i minute. Temporal variations are therefore identified while
5 maintaining a spectral resolution of 2 cm'_1 in the near-
<
E infrared. A spectral resolution nearly this high is
'
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desirable in order to unambiguously caompute OH rotational ey
."t»'

temperatures from the measured spectra. A free spectral F-j
R

range of 0.8 to 1.6 um has been obtained using a BN
S

el

cryaogenically-cooled intrinsic germanium detector. The ARG
optical system was designed to maintain the high throughput ;j;
capability (0.285 cm® sr) o0f the interferometer while Nt

operating at a narrow field of view (<1°) in order to be T

able to resoclve the spatial nature of the airglow structure.

The design criteria and the resulting design for an
optically-compensated interferometer are given in this
chapter. Then an analysis is made of the resulting Efi

interferaometer-spectrometer system.
High-Throughput Interferometer Design

The aptical layout of a conventional Michelson
interferometer was discussed in Chapter I. Referring to
Figure 1-2, the retardation or path difference is a function

of the entry angle of the incoming energy. The relationship

..‘_
is, 4=2dcos®, where ¢ is the on-axis (0=0°) drive distance f%:;
and © is the angle of the off-axis ray. The maximum field E;ﬁ
of view for a standard Michelson interferometer is, o

Q1 =20 /R (Eq 1.1), where 0 ixs the maximum field of view
max max

of the instrument and R is the resolving power. When viewiny Efj

U
2

faint airglow events this limitation on throughput is a

P
Pt
15 v
P TP

severe Ohe, The optical system is compensated to increase

~

F; system throughput for temporal resolution. This high- =
ﬁ: throughput has been matched to a collector system to ;ii
:a -

t}fﬂ‘ﬁ
i
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MIRROR SURFACE

FIXED PRISM

BEAM SPLITTER
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DIRECTION OF

: GLASS CUBE MOVEMENT
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H MOVING
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TO

DETECTOR

Figure 2-2. Optical compensation method conceived by Connes
€19561.

maintain the throughput while narrowing the field of view
(for spatial resolution).

The method used in this study to improve the throughput
of the interferometer system is the one analyzed by
Bouchareine and Connes [1963] and is depicted in Figure 2-2.
The compensated-optics design used follows that developed by
Despain et al. {19711, and the design limitations previously
derived will be summarized here for completeness. Figure 2-
3 shows the compensation analysis approach of Steed (1978].
With the optical compensation prisms inserted, the

retardation is

e A A e e e e e e e P e T e e e e e
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Ac = 2d cos 0 + 2¢fn cos ¢ - 2¢ cos © s (2.1)

A = retardation with compensation prisms inserted,
¢ = thickness of optical material,

n = index of re$raction of optical material,

d = mirror drive distance, AC - AB,

@ = angle of off-axis ray,

¢ = refraction angle ot off-axis ray through optical
material.

The retardation equation shown above tcan be expanded in E:q

a Taylor series and like terms collected to show the field ?;,

of view dependency more directly; namely,

Ac=2[un-u+¢]+[t";1-¢]92 i"‘T

2 R

+[—d + L2 3 Do, £ 3 - i]eq . (2.2) e

12 3n 12n 12 i

R0

s

which is a quartic equation in o. N
'~'t\'..*

Ideally, the retardation Ac should be independent of the 'FZ{

ey

entry angle 0. Equatiaon 2.2 shows that this is not possible E;J

by varying only the drive distance o and the index of
refraction n. However, & significant improvement can be

realized by designing such that,

a = e[ , (2.3)

which eliminates the 02 term in the retardation Equation 2.2

2
by forcing the 06 coefficient to zero. This leaves only
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Figure 2-3.
inserted into one leg of a Michelson interferometer ([(Steed

term and since 0 is small this term is relatively
insignificant.

Designing the compensation wedges to satisfy Eq 2.3 and
then solving Equatiaon 2.2 for an on-axis ray (6=0°), the

resulting retardation Acn is

Assuming a monochromatic wave front and using the

compensated case is
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Optical compensation with an optical section

8 " %[nz-x] . (2.4)

o4 Eq 2.4, the general retardation +for the Fo

[ eq] :..' '.:

A = 4 + A —_— . (2.93) VN
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where .
a_ = compensated retardation, é#%
g
Aco = retardation for an on-axis ray. 3§§
\3'
-] = entry angle for incoming ray in radians 4&6
\.
2,
n = index of refraction of compensation prisms. 332

The analysis for the Connes [1956] method shown in

Figure 2-2, in which only one optical component is driven,

is the same as for the system shown in Figure 2.3. The
thickness of the optical material must, however, increase

with the drive distance 4 in order to maintain optical

compensation (see Equation 2.3). The increase in optical- ‘%j
material thickness needed to maintain compensation is -

obtained by driving one of the optical wedge/mirrar

assemblies in synchronism with the drive motor. Referring E
to Figure 2-2, it can be seen that the reflective elements
or mirrors in this method are created by depositing the

mirrored surface to the back side of each wedge.

Steed {19781 derived the limits on field of view as a . ﬂ
function of resolving paower based upon aberration limits,
The results are categorized into several groups. The first E;?
is chromatic aberration, that is, differences in the -
compensation because the index of refraction of the optical
material is a function of wavelength. The chromatic limit E;;

is :.‘.‘.

§n a

., nin® - 1) A
a_ = [ ] R , (2.6) '
co
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where
nc = field of view at wavelength A in steradians,
nM = field of view for conventional Michelson
interferometenr,
n = index of refraction at wavelength ),
ol
§n = n=n_ where n_= index of refraction at compensated :;{
wavelength, 33
R = desired resolving power, iéu
A:a = retardation for on-axis ray,
A = wavelength expressed in same units as Aco'
The second limiting factor on field of view is that of Eé:
. Ry
spherical aberration. This limit is also derived by Steed SR
[19781. The maximum field of view assuming only spherical fjf
,\. °
Al
aberrations is E
A, =0, 7 {2~ . (2.7) -
The third type of aberration is astigmatism. In the E#ﬁ

Connes method a wedge is placed in each leg of the

interferometer; however, only one of the wedges is driven.

This simplifies the mechanical design but because a wedge is
in each optical path, astigmatism aberrations occur. The

severity of the aberration increases as the angle (x) of the

-

compensation wedges incre ases. Bouchareine and Connes rl1
[ Ve
(19631 quantify this aberration as N
o
2 O
nA = an/tan « , (2.8) E;_
ti
14
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where

€ = prism angle of the compensation wedge.

The aberrations cansidered were each derived assuming
the net et+fect of the distortion was a shift of one fringe
in the interference pattern. These degradations prove to be
the 1limiting factors upon the maximum usable field of view.
Figure 2-494 is a plot of Equations 2.6, 2.2, and 2.8 and
shows the relationship between these various limits. At
least an order of magnitude improvement in throughput is
obtainable using the wedge prism compensation technique.

The next step in the system design is to ascertain the
optical retardation for the Connes [1956]1 method. Referring
to Figure 2-95, Steed [1978] showed the drive plane is
parallel with the apparent image plane o0f the optical
wedges, The difference in aptical path length or
retardation between image points Al and A2 gseparated by a

drive distance X is

A& = 2X sin(B-Y) . (2.9)
where
-1
A = gin (n» sina),
-1 n - 1
Yy =« tan [( > ) tana],

« = wedge angle,

X = drive distance.
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Figure 2-4. Plot of aberration 1limits +for Connes ([1956)
method o optical compensation compared with conventional
Michelson interferometer (Steed 19781.
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Drive System

Examination of Equation 2.9 shows that the choice of a
large wedge angle reduces the actual drive distance, thereby
easing the wmechanical drive requirements. However, the
chaice must be made in conjunction with the 1limits on
distortion presented in Figure 2-4. The wedges and cube
beamsplitter used in this instrument are made of a high
Qquality quartz, namely, Infrasil I, manufactured by Amersil
Corporation. The measured index of refraction for this
material is 1.43. A compensation prism wedge angle of 8*
was chosen. Solving Equation 2.9 for this wedge angle, then
g = 11.64°, Y = 3,50, and A& = 0.21X. The optical
retardation +for this compensation technique is only about
20% of the drive distance, where as in a conventional
Michelsaon interferometer the retardation is equal to 2a
where ¢ is the drive distance. Thus, for a given spectral
resolution the compensated interferometer requires a drive
distance of 2/.21=9.5 times longer than the conventional
Michelson approach.

An optically-compensated interferometer with a spectral
resolution of 2 cm-l requires a slide movement of 3.1 cm.
This comparatively larqge drive distance is accomplished
using a gas-lubricated platform, providing near-zero
friction, developed by Haycock [197S]. The platform
translates the optical wedge/mirror assembly and as such
must maintain mechanical tolerances as close as possible tao

the wavelength dimensions of the infrared light being
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measured. The gas bearing surfaces are lapped to a
tolerance 0% about 1 wavelength of 5461 4 light and operate
with a clearance of# 2.5x10-4cm. At an operating pressure of
6-12 psg the bearing will maintain an optical alignment of 1
arc second while translating S5 cm [Haycock 197351. The
aptical caomponents are then mounted on the bearing-supported
optical platform. Adjustment for parallelism is
accomplished on an optical bench using a laboratory He-Ne
laser as a light source. The material used in the platform
and bearing assembly is a specially farmulated Invar alloy,
chosen for its excellent temperature and stability
characteristics and to match the thermal expansion
characteristics ot the optical material. This sophisticated
platform provides the relatively 1lang drive distances
required (up to S cm) as well as ¢the mechanical accuracy
needed to translate the aptical compaonents properly.

The platform is driven by a “"voice coil” motor and
therefore makes no physical contact with the rest of the
instrument. The motor is driven by a standard servo-
amplifier with feedback from positional and velocity sensors
located within the platform slide. The main signal driving
the slide is generated by a digitally-~controlled ramp which
can be adjusted 4or slide velocity and drive distance. The
slide controller can produce variable scan times of 3
seconds up to several minutegs, and a drive distance of up to
S cm. The campleted interferometer uses a 10-cm cube

beamsplitter and 11.4-cm diameter end wedges with a prism
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TSR S S

angle of 8°. The interferometer with bearing svstem is

s

shown in Figure 2-6. i
For simplicity, a secondary HeNe laser~-excited Q;f
interferometer is used, with its independent moving wirrar }ff

on the same optical platform as the primary optical signal

< R
7 - ':_'
»

PR P

channel, to monitor the slide position. The laser signal is

counted down by 6 and used to digitize the main channel

l interferogram. This method provides sufficient sample é
N points for a 1ék fast Fourier transform.

The other specifications for accuracy of the optical and

i mechanical components are described in detail by Steed E—

[19781. The entire system was originally designed to be E;;
. operated at liquid nitrogen temperature (??7 *K) to reduce E;E
i background radiation at longer wavelengths (>2 sm). The gyr
E spectral range used in this study (0.8 to (.6 am) is not Ejv
i backgraund limited and therefore does not require the added :&
A 2

complexity of optical train cooling.

Detector System

E The optically-compensated interferometer has a very
large throughput (AN = 1 cmzsr). The desired 3goal o+

aptical compensation was to improve the sensitivity o¥ the Cl

2 e FALME IR
T

interferometer systemi however, to take advantaée of the E

) large throughput a large diameter detector is required. For tﬁi
example, assuming a throughput of 1 cm2 sr and collector :j&

oo

optics with a very <+fast +f-number of 0.3, the detector r"

diameter would have to be 0.650 cm. Large infrared ﬁ;l
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Figure 2-6,.
beamsplitter,

Optically-compensatod interferometer
wedges, and bearing assemblies.
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detectors with the necessary detectivity are very difficult
to manufacture; therefore, some compromise was necessitated.
The required detector diameter and the speed of the
collecting optics shown in the example are both somewhat
impractical.

A det;ctor system was chosen which was readily available
and had proven effective in the past. The detector selected
was an RCA Ltd., splid state germanium device with a sel+f-
contained preamplifier and load resistor in a liquid-
nitrogen dewar. Figure 2-7 is a picture of the detector
dewar. The detector is S mm in diameter and has a noise
equivalent power (NEP) of 1.12 x 10 % Ww/¢fHz at 1.27 sm and
covers a spectral range of 0.8 to 1.6 sm.

It was decided that a scan rate of 30 seconds wauld be
sufficient to resolve the temporal variations of first
interest in the OH airglow structure. This decision was
based upon video data gathered by Taylor et al. [1980]. A
SO-second scan, a minimum wavelength aof 0.8 um, and a drive
distance of 3.1 cm (spectral resolutiaon of 2 cm_l) set the
detector electrical bandwidth at 1350 Hz. The RCA detector

has a bandwidth of 600 Hz. Appendix A contains the detailed

specifications of the detector system.

Telescope Design

The spatial characteristics of the airglow structure,
shown by Taylor [1983-841, dictated that the instrument

4ield of view be less than 1* full angle. The goal of the
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optical design was to maintain the inherent high throughput
o+f the compensated interferometer throughout the entire
system. All portions of the optical path were examined in
order to ascertain where the system was throughput-limited.
The choice of a detector, and practical limitations on the
f-number of available condenser lenses proved to be the
limiting +factors. An optical system was designed,
incorporating the interferometer, using a large diameter
collector, which maintained the system throughput while
narrowing the +field of view to under 1°,. The instrument
system was now capable of measuring the temporal, spectral,
and spatial variations of the airglow layer.

The design of the optical system began with the detector
and choice of its condenser lens and proceeded back towards
the telescope caollector. The entire optical system is
described diagrammatically in Figure 2-1. The diameter of
the condenser léens must, however, allaw the converging beam
to pass through the beamsplitter and wedges without
vignetting. A commercially available condenser lens with a
diameter of 68 mm and an effective focal length of 350 mm was
chosen. The condenser lens and detector diameter of 35 mm
set the system throughput or Aft at 0.28 cmzsr. Referring to
Figure 2-1, a throughput of 0.28 cmzsr translates to a beam
diameter entering the interferometer of 922 mm and converging
in a &°* full +ield of view. The physical dimensions of the
detector optics cutlined here fit well within the size

constraints of the basic interferometer. The field of view
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- S
K is also within the aberration limits, shown in Figure 2-4, :g?:
for an optically-compensated interferometer. F

W

The calculated throughput can now be used to design the &

VY

telescope needed to narrow the field of view to 1* or less.

1:75¢
! %}}I

A throughput, dictated by the detector system, of 0.28 cmzsr

o,
I"i

“ 4

iyt
LA P g

and a 1¢ field of view design goal, set the collector
diameter at D = AN/2v (1-cos6)=44 cm. A S0.8-cm (20-inch)
diameter system was chosen because af availability and to
allow for some error in aligning the telescope optics.
n Taking advantage of the larger collector, the field of view

was narrowed to 0.8* requiring a 48-cm diameter collector,

.
N o
LI

within the 3%50.8-cm mirror size and still allowing for some L

'

error in optical system alignment, For portability, an /2

La "8

.
L

primary was specified to minimize the telescope length. An

. e
! -{

overall system f number of 8 was selected to transfer the

AR

A,

telescope image to the proper position.

. In this application, the purpose of the telescope is to
. gather energy and transfer it to the detector, rather than
. to transfer a spatial image. Therefore, the quality of the
optical image within the field of view is not of as great a

concern as it would be in an imaging system. Many types of

Rt

falded telescope systems were considered. In order to

s

simplify ¢the optics Driscoll and Vaughan [19731 suégusts a

P )

. Dall~Kirkham type because of the spherical secondary, it the Ny
N resulting image distortion is acceptable, The distortion
far a Dall-Kirkham system of this size was calculated using

the formula in Driscoll and Vaughan [1973), and found to be &ﬁ.
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less than 0.4% of the area (coma and astigmatism distortion
were calculated in terms of primary wmirror area that will be
degraded) of the primary mirror. Therefare, a Dall-Kirkham
type aof telescope, being more than adequate, was chosen for
ite simplicity and relatively low cost. This type o+
telescope has a spherical secondary mirror and an elliptical
primary wmirrar. The telescope-equipped interferometer
system with the isocon camera mounted on the telescope is
pictured in Figure 2-9.

The last step in the optical design was to provide an

aptical interface between the telescope and the detector
‘sub-systems. Two primary considerations were given emphasis
in this interface design: (1) imaging the detectar on the
primary mirror, and (2) imaging the condenser lens on the
telescope focal plane. The detector may have an uneven
response across its area, therefore imaging the detector on
the primary mirror mihimizes the effects of off-axis rays by
illuminating the entire detector by 1light entering within
the field of view of the instrument. An image of the
detector condenser lens at the telescaope +focal plane allows
for independent control of the system field of view.

An adjustable iris was then placed at the +tocal plane
for adjusting the field of view while still 2llowing the
entire detector to be illuminated by energy within the field
of view, Careful choice of physical dimensions and optics

allow the transfer of each image independent of the other.
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The goal of placing a detector image on the primary
mirror was accomplished by the use of two lenses. Referring
to Figure 2-1, a transfer lens, which has a diameter of 100
mm and a +focal length of 2350 mm, is placed near the

interferometer beamsplitter. This lens produces an image of

the detector at a focal peint near the physical entrance to fﬁ
the interferometer housing. The magnification ratio of this

transfer lens focal length to the focal length (S0 mm) of E
the condenser lens determines the detector image size at

this pointj; therefaore, the detector image is 25 mm in

(SN BN
diameter. A field stop is placed at this paint to limit the E -

detector image size throughout the rest of the system.
Another transfer lens, which has a ?75-mm diameter and a
focal length of 200 mm, is placed at the focal plane of the
telescope. This lens transfers the detector image at the

field stop onto the primary mirror. As can be seen from

Figure 2-1, two angled mirrors were required to meet the

physical constraints of the design. L£§
The second design objective of the optical transfer ?ii
system was to place an image of the detector condenser lens Eiﬁ
on the telescope focal plane. A collimated image af the ft;
condenser lens is generated by the 100-mm diameter transfer EL
lens that is placed near the interferomr ter beamsplitter. i;.
The addition of a 7S-mm diameter, 200-mm focal length lens :?t
placed at the field stop focuses this image at the telescope %i
focal plane. The placement of this lens at a detector image g;:
point does naot affect that image. An adjustable iris Nll‘ };g
Eﬁ
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then placed at the telescope focal plane for contral of the
tield of view. The +field stop and the iris provide the
limiting apertures +for the entire system. The aptical
system described here was verified by Harris {19841 using a
computer-aided optical ray-tracing program.

The optical lenses used in the design are made of
commercial-grade optical glass and have no coatings. The
beamsplitter and wedges are constructed of quartz and are
not coated. The primary and secaondary telescope mirrors are

aluminized reflection surfaces with a 5i0_ coating.

2

Instrument Housing

The interferometer-spectrometer with its associated
optical and telescope systems was placed in a 30-inch
diameter, 45-inch tall, round container. The interferometer
placed in the inastrument housing is shown in Figure 2-8.

The telescope attached to the container is shown in Figure

2-9. The large cantainer size was chaosen to support the

.I
PP SIS

telescope in a stable manner. The base of the package was

mounted upaon a rotating stand which provides the ability to
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move the telescope in azimuth. The rotating base has
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attached three large pneumatic tires for system mobility and

.
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‘
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three leveling screws to stabilize the interferometer +or

operation. The telescope is mounted to the side of the

faty e .
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AR
»

container with a 10-inch diameter ball-bearing allowing the

S
o

telescope to be rotated in elevation. The two rotating

n,[j'

joints provide the telescopy with complete pointing freedom. fﬁ“
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The specifications of the instrument with the telescope

are given in Table 2-1.

3 TABLE 2-1, Summary o+ interferometer-spectrometer
specifications.

Throughput . . . ¢ « ¢ o « o s o« 2 s s « a s = « 0.28 cmzsr

aZa A K

Scan period (minimum) e« & ¢ s e e« e« o a 1 scan/ 30 seconds
Collector diameter . . . « ¢ « ¢ ¢ « « o s« 2 s o« » «» 30.8 cm

Field of view (full angle) . . . + + ¢« « ¢« = « « 0.8 degrees

. SpecCtral rang® . . « « « « o « « « o « s + o« » 0.8 to 1.6 pm
‘ Spectral resolution * + a2 & s w = e s s & e = e e = 2 l:m.1
? Detector type e s & & s s e« o a2 s s o o Intrinsic germanium
Detector NEP . . . « « « « « 1.1 x 10 1% watts/¢hz at 1.5 um
i Dynamic rang® . . « « ¢ « ¢ o+ o« o » 2 » » o s o s+ s« » 80 dB
" System sensitivity . . . . « + ¢ o .« . 16 R)cm-l at 1.9 uym
‘.N., e e e L T A T T T Ty P e T
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Figure 2-8,

Interferometer placed inside housing.

Figure 2-9,

Interferometer system equipped with 20-inch

diameter telescope. The isocon camera is also mounted on
the telescope.
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CHAPTER I11

MEASUREMENT THEORY

The Interferocgram

The electronic signal from the interferometer detector

is a low-frequency time-cantinuous signal called an

interferogram. The interferogram is a scaled analog of the

incoming light frequency. Using the approach of Loewenstein

[19711, and referring to the layout of & Michelson

interferometer in Figure 1-1, the interferogram signal is of

the form

where

¢ = input light wavenumber in cm-l,

v = rate aof change of effective path difference in

cm/second,

f = scaled frequency output of interferometer (the

interferogram) in Hz,

The detectaor used in this study is sensitive in the region

from 12%00 to 62%0 cm > (A = 0.8 to 1.6 Am). The scan rate

for the interferometer was set at 30 seconds} therefore, the

input light frequency was scaled to audio frequencies of

less than 200 Hz.
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The light power reaching the detector in an ideal

interferometer is [Loewenstein 19711

2
Pdet = 2A " (1 +cos 20 x) ’ (3.2)

where

A = amplitude of on-axis monochromatic point source,

x = eftfective path difference in cm.
In the Loewenstein model, the single line of Equation 3.2 is
replaced by an input power density spectrum of the form
A2=B(c). Making this substitution in Equation 3.2,

neglecting the constant (dc) part, and integrating over ¢

praduces
.
I(x) = 2[8(0) cos(2wox) do s (3.3)
. S
Ei'
where I(x) is defined as the interferogram. The desired .;t
information B(0) (the input spectrum) is obtained by taking ?%
the inverse Fourier transform of I(x). The signal produced {ﬁf
by the interferometer is referred to as a "double-sided"” or C:”“

"symmetric” interferogram. An example o0of a double-sided
interferogram is shown in Figure 3-1; note that the same
information is available on both sides of the large center
which occurs at 2z2ero path difference. The interferometer
slide is moved an equal distance on each side of the aptical
zero path difference to create a symmetrical signal.

Since the interferogram 1I(x) in Equation 3.3 is

symmetric, the spectrum B(¢) may be obtained using a simple

DR PV A
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Figure 3-1 Typical "double sided® interferogram.

cosine transform of the form

°
B(g) = I I(x) cos(2wdox) ax . (3.4)
°

The power spectral density is computed with a digital
computer using a Fast Fourier Transform (FFT). The FFT used
to process the data for this study was developed by Ware
{19801. The digitized interferaogram was produced using a 12
bit analog to digital converter on the detector amplifier
cutput and encugh samples were taken to perform a 16,384-
point transform. The implementation of the FFT is beyond
the scope of this paper but that used in Fourier transform
spectroscopy was adapted by Forman [1966] from the radar
signal processing work of Thomas Stockham, then at MIT
Lincoln Laboratory. The FFT is explained extensively by
Brigham (19741,

The computation of the FFT requires that the
interferogram be sampled at uniform increments of path
difference. Ideally, the laser reference channel should be

4 short wavelength laser beam which passes through the
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LR AV Y e

interferometer optical train as does the signeal. Otherwise,

the reference beam may experience different motion stability

e e Em—

than the signal beam, due to nonidentical geometry.
However, for simplicity, a separate laser (A = &3228 &)
interferometer channel was used and provides the uniform
sampling function signal. The laser channel signal is
divided to obtain a sample rate of &50 Hz. The

interferogram is digitized at a free running rate o+ 350 kHz.

VIR S Y O N,

The values taken between laser channel zZerQ crossings are

s
St e

then averaged and stored as the data point for the slide

- position corresponding halfway between adjacent laser
é crossings. This over-sampling method will, according to
% Ware [19801, minimize the system noise gain as well as
- minimize the effects o+f slide velocity variations in the
:' sampled data.

i Calibration Source

The determination of relative OH spectral line strengths

is sufficient to compute rotational temperatures. Since

this is a major interest in this study, a calibration

LR

technique to produce a relative instrument response was

r

developed. The absolute calibration of an interferometer-

1 erer
: .

spectrometer is an intricate processj; details of the
approach are Qutlined by Wyatt t19781l. Ware {19801

: performed an interferometer wavenumber response calibration

as a function of optical alignment. He found that the

relative response must be reestablished each time the
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instrument is realigned at the time of data collection
because the instrument would oaonly remain in acceptable
alignment for about 2 hours..

A relative instrument response was obtained by causing
the interferometer to view a calibration source composed o+f
a tungsten bulb illuminating a pair of ground glass
diffusion screens (see Figure 3-2). The intensity of the
illumination was controlled by placing a plate with a small
3-mm aperture between the bulb and the diffusion screens.
The second screen was then imaged by a projector lens onto a
24-inch diameter ground glass viewing screen placed ten feet
away. The net brightness of the source was adjusted so the
calibration source intensity as viewed by the interferometer
was approximately that of the night sky. The calibratian
source assembly was mounted ingside of a 249-inch diameter,
10-foot long tube. The viewing screen was sufficiently
large to completely fill the interferometer field of view,
thus providing a diffuse source.

The long length (3.0 meters) of the calibration source
was chosen to ensure that the illumination on the viewing
screen was uniform across the entire surtace viewed by the
interferometer. The quality of the calibration source was
calculated using the geometry described above and assuming
the tungsten bulb was a blackbody source with correction ¢or

the emissivity af tungsten.
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Figure 3-2. Interferometer Calibration Source.
Instrument Response

A relative instrument response was abtained each time
the instrument was realigned during the data taking process.
The calibration alignment process was repeated about every 2
hours. The interferagrams obtained from the instrument when
abserving the calibration socurce were transformed using the
same FFT and apodization (discussed later in this chapter)
routines as were used for the airglow data signal processing
described above. The calibration source spectral or
"blackbody" cu;ves were then averaged together (4rom 35 to 10
frames) to minimize noise and irregularities.

The tungsten bulb in the calibration source has a
blackbody equivalent temperature of 2370 *K when operated at
the specified current (7?50 wmA), according to Gilway
Technical Lamp (1982]), its manufacturer, The Planlkt equation
can be used to calculate the spectral sterance LB(X) in
watts/meter, for the assumed blackbody radiation source as,

shown by Wyatt [1978]
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2
Lo(A) = 2he , (3.%)
B A" Clexp 25— - 13
P 4T
where

h = 6.6262 x 10~ (Js) (Plank’'s constant) [Wyatt 19781,
c = 2.9979 x 108 (m/s) (speed of light) ([(Wyatt 19781,
A = wavelength (m),
£ = 1.3806 x 10.23 (J/7*K) (Boltzmann’s constant)

tWwyatt 19781,

T = absolute temperature (*K).

The interferometer detector measures energy coming from
the interference of two 1light ra&s of the same aoptical
frequencys and the germanium detector operates in a photon
sensitive mode. As a consequence, in the analysis it is
desirable to manipulate Plank’s equation into terms of
wavenumber and quanta (photons). The relationship between

sterance and photon sterance is
Lp = L_AN/(AC) . (3.4)

Noting the relationship between wavenumber and wavelength

and that Equation 3.3 is a density functian
¢ = 17/ "y T (3.72)
ag = - 1/ ax . (3.8)

Using Equations 3.7 and 3.8 and converting from meters to
centimeters, Plank’s equation can now be shown in terms of

-2 -1 -1 -1
photons cm sr sec cm or
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L (¢) = 2¢0 . (3.9)
P heo -1

e *s ¥o x

The photon sterance Ffor the 2370°K tungsten bulb
calibration socurce was calculated using Equation 3.9 and
corrected for the emissivity of tungsten using data from
Weast ([19771. The averaged blackbody spectrum taken by
viewing the calibration source, was then divided by the
photon sterance. The resulting curve was normalized to its

peak value and constitutes the relative instrument response

used in the rotational temperature calculation model
developed in Chapter IV. The values for the instrument
respanse curve are shown as part of Tables 4-1, 4-2, 4-3,

and 4-4, E

Phase Correction

The spectrum computed from an interferogram using the f
selected FFT is algebraically complex (contains both real ‘;"i
and imaginary parts) fWare 19801. The incoming signal ia
contains‘no inherent phase informationi therefore, any phase T.ﬁ
angle computed during the FFT process is an artifact of the
system. A nonzero phase relationship is caused by two main ;:i
factors, First, phase shifts occur in optically-compensateqy ;;;
interferometers because the optical beamsplitter, wedges, ;iﬁ
and lenses are not strictly uniform as a function of ig&
wavenumber. Second, & linear phase shift occurs during the t;ﬁi
sampling of the interferogram far FFT pracessing, when the Ei;x

i
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zero path difference point is not centered in the signal
time window.

The amplitude of the measured spectrum could be obtained
by the magnitude operation (square root of the sum of the

squares of the real and imaginary parts). However, this

operation always vields paositive noise components,
increasing the noise by 2. This increase in noise is
especially harmful when several frames of data are signal
averaged (coadded) to help identify low weak features in the
airglonw emissian spectrum. The sampling phase shift error

may also vary from frame to frame. Consequently, a method

vy N AR M s B L B a e o
Pl A PR
o [ S IS

of phase correction based upon the data within each frame

e s ¥
e e
N v

must be used.

The phase characteristics of each data +frame could be
abtained by Fourier transforming a small data set around the
"center” of the interferogram. This process would yield a
very low‘resolutioq spectrum from which the slowly varying
phase information could be easily extracted. However, this
truncation and transform process is the same as convolving
the original spectrum with the Fourier transform of the
truncating function. As described by Ware (19801, this
convolution is merely a digital filter operating in the
frequency/phase domain. Hamming (19771 sguwed that for a
given filter width the minimum noise g9ain is obtained when
the convolving function is rectangular in shape. The phase
characteristics are not related to the incoming signal in

any way so the rectangular +filtering process may be
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repeated as many times as necessary to identify and remave
the phase anomalies from the computed spectrum. When the
filtering process is complete, the remaining "real” part of
the transform is wused as the measured spectrum (power
spectral density functian).

The spectral frames were phase corrected with convolving
filter windows of 3, 5, 9, 17, and 65 sample point widths in
a repetitive manner. Figure 3-3 shows an instrument
uncorrected blackbady curve both before and after phase
correction, and Figure 3-4 shaows the same information for a
spectral frame. Examination of Figures 3-3 and 3-49 show

that the imaginary portion of the power spectral density

(caused by chromatic variations within the instrument
optics) has been eliminated by the phase correction
algorithm.

Apodization and Interpolation

The calculation of OH airglow rotational temperatures
was a major goal of this study. The calculation of
temperature requires the extractiaon of relative spectral
line intensities from the transform of the interferogram.

The relative instrument response and phase correction steps

3

(4
.
s

described above are modifiers in signal processing the line

intensities.

G e &Y
-« 0

.‘I

The shape of an individual spectral line is o+t interest

yr——

because the shape will affect how the a best estimate ot the

.- line emission intensity is extracted from the data. Due to
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: the discrete nature of the transitions of the excited OH
molecule, the spectral lines entering the interferometer are

N4
‘ discrete in shape except for a small finite width due to
3 Doppler and collisional broadening plus “"time windowing” o+
each photon source. The numerical computation of an FFT
requires that the sampling be limited in length. The

truncation or multiplication of the interferogram by a
rectangular "window" in the ¢time daomain is the same as
frequency domain convolution of the discrete spectral
frequencies with the Fourier transform of the rectangular
window function. The Fourier transform of the rectangular

window is a {(sin x)/x or “sinc" function. This

characteristic spectral line shape is referred to as an
*instrument function.” The high side lobe behavior of the
sinc function (largest side laobe -13 dB down in amplitude)

causes the various lines in the spectrum to interact or mesh

together. Therefore, it is desirable to establish a
technique to suppress the sinc function behavior and force

the signal companent into as much of a discrete 1line shape

as possible.

The process of suppressing the sinc function side lobes ifﬁ

is called apaodization. The apadization of the spectral i;:
information can be accompl/shed either in the interferogram r;-
domain by multiplying the interferaogram with another window L&E
then performing the FFT, or by convolving the transform o+f :ai

S

the window with the transformed interferogram. The ' s
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convolution of the spectral data with the transform of the
chosen window is the method used for this study.

Numerous apodization +functions have been tried for use
with Fourier transform spectroscopy. In choosing an
apodizing function the trade-of+f is amaong i;strument
function width (resolution), side 1lobe attenuation, and
computational efficiency. Norton and Beer [1976] computed
over 1100 different apodization windows and plotted each as
a function of central peak width versus height of maximum
side lobe. Their study indicated an optimal boundary
existed bDetween the two plotted parameters. Figure 3-3
shows the Norton and Beers limit with some gspecific
functions also shown. Vagin (19801 independently computed
over 3000 functions and also showed that this boundary
exists. However, he went on to analytically show that for a
chosen characteristic (either gide lobe suppression oar
resolutian)‘an aptimal apodization function can be computed.
Harris [1978] presents an excellent analysis of many of
these apodization functions and shows the trade-of+ts
associated with each. Nuttall [1981]1 shows some corrections
to Harris's work and presents additional functions for
consideration.

The present interferometer’s +full-width half-maximum
(FWHM) instrument function is 1.8 cm-l. The OH spectrum in
the 1-im wavelength region has line separations on the order
of 10 cm-l. This occurrence renders the prime consideration

in the choice ot an apodization function as one of side labe
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attenuation and ease of computation, rather than maximum
resolution.

As can be seen from Figure 3-5 the Hamming window
(sometimes referred to as the "minimum 2-point" window) is
located an the optimal boundary. This function is
comparatively simple to compute because it contains anly two
terms and provides side lobe attenuation of -43 dB (a 20 dB
improvement over that provided by the sinc function). The
additional side lobe attenuation is sufficient because the
data collected for this study have signal-to-noise ratios of
about 100, thus placing the side lobe behavior below the
noise level, The Hamming window yields good spectral
resolution by providing a FWHM central lobe of 2.7 cm—l
which is sufficient to identify the OoH spectral
characteristics. This window also has an asymptotic side

lobe roll-o¢f of 6 dB per octave {(Harris 1978].

The Hamming convolutiaon function takes the form

k=+6
I = z I [ 0.53836 sincivc(kacdge) ]
Ga [/
=-4
+ 0.46164 [sinctwlc(kage)+11)+sinciwlc(kade)-113]
2
where
Al = 0-60’
k = counter for integer sample numbers centered at

transform point nearest 0., ' iﬁ;
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g = wavenumber at integer sample in cm s IO

Gs = wavenumber at point where intensity is being

computed in cm-l, -
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wavenumber ¢,
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intensity of apodized data at wavenumnber 0,,

Go

i' c = number of sample points per wavenumber.
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. Figure 3-3, Optimal apodization functions, showing T

{ resolution ve. aside lobe attenuation [Espy 19841. L
The discrete spectral data points computed by the FFT ;ﬁ¥
occurrecd at I.E‘y-t:vn"1 intervals; therefore, as can be seen gf,

RRNK

from Equatiaon 3.10, the convolution computation was summed iﬁn
over $ 4 sample numbers. Examination of Equation 3.10 shows ;j?
that this equation, in addition to suppressing side lobes, RO
can be used to interpolate spectral values between the gﬁﬂ
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discrete computed points of the FFT. Figure 3-46 shows the
Hamming instrument function compared with the "square
window® sinc function and also the common "triangle window"
sinc2 function. All three functions have been normalized to

their respective peak values at 1000 for comparison.

AMPLITUDE
[«

=

NORMALIZED
n

996 988 1000 1002 1004
SAMPLE NUMBER

Figure 3-4. Comparison of normalized instrument +functions;
sinc( )y sinc (- -), and Hamming(+«+:) [(Espy 19841,

Line Amplitude Extraction

The interferograms were recorded in *raw" form on analog
tape during the measurement campaigns. The analog tapes
were later played back, digitized, formatted by computer and
stored on digital tape. The digitized interferograms were
then submitted to the FFT signal' processing routine. The

power spectral density information generated by the FFT +or
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each interferogram was also stored on digital tape for later
processing.

The information of interest within each spectral frame,
needed for rotational temperature calculations, was the
intensity o+ a few specific OH spectral lines (the
temperature model is explained in Chapter IV). In order to
identify the spectral +features of interest, each of the
transformed frames of data was plotted on paper using an x-y
recorder and a simple computer routine which performed a
straight 1line connect between each of the discrete points
computed by the FFT. Each of the plotted +Frames was
examined manually, and the lines of interest were
identified by FFT sample number. The lines selected were
bright lines within each OH band which were far enocugh apart
as to not be contaminated by other features and situated at
wavelengths of minimal atmospheric absorption by H_O and

2
co_. Examination of the plots showed that the position of

2
each line never varied from frame to frame more than *1 FFT
sample number. The selected FFT sample point was then
recorded as the initial position of each o0+ the spectral
lines of interest.

The extraction of spectral line intengities was
accomplished using the Hamming apodizatian function to
interpolate between the discrete FFT data points, Allowing
for additional errar in the chosen position of each line,

the interpolation routine was operated in a sample number

window 3 data points around that manually chosen line
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pasition. The 1line intensity was then computed at 0.01
sample number increments (0.015 ¢:m-1 increments) over the
data point window using the Hamming function. The routine
saved the maximum value found within the sample windaw as
the line amplitude for that spectral feature.

The instrument calibration function and the correct
spectral line amplitudes could now be used in the
temperature model for extraction of OH rotational

temperatures as a function o¥ each interferometer scan.
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CHAPTER IV

OH ROTATIONAL TEMPERATURE MODELING
Introduction

Hydroxyl is a minor atmospheric constituent, residing
in a thin layer (about 7 km thick) at an altitude near 8727 km
[Baker et al. 198951. Although minor in concentration
(between 104 and 106 molecules/cm3 at night, Baker [19281])
it is the major atmospheric near-infrared.airglow radiator
at night. The radiation generated by OH occurs in spectral
bands known as the Meinel bands, since their discovery and
identification by Meinel (19501]. After their discovery, the
measurement of these bands has been of great interest to the
atmospheric science community. OH airglow emwmission band
measurements contain information about mesospheric
populations and temperatures, and as such provide insight
into the dynamics of the entire middle atmospheric region.
A rntationa}-temperature model is developed in this chapter
similar to the technique used by Hill et al. (19791, The
field measurements are then fit to the model in a least-~
squares sense. The quality of the it will also determine
error bounds on both relative band intensity and absolute

rotational temperature._
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The Excited OH Radical 2

. . . L3

The hydroxyl radical is a diatomic heteronuclear p

molecule and has a nonzero electric dipole mament. The 5

K

1T

molecule, therefore, has the ability to be easily excited

-

e
e e A

and radiate electromagnetic radiation. The OH Meinel

radiation bands in the infrared are caused by vibration-
rotation transitiongs within the ground electronic state of

the OH maolecule. {(The electronic absorption and emission

spectra of OH occur in the ultraviolet.)
Hydration of ozone and gperhydroxyl reduction are the
primary processes for the creation aof vibrationally-excited

OH in the earth’'s upper atmosphere [Baker 19781. The

PYVEY Bitihd

. Ty
P

vibrationally-excited states of OH are quantized and are
populated according to certain dipole selection rules
described by Hertzberg (19711, The quantum numbers

associated with the vibrationally-excited states take on

e m.,’ :.'_. N R -" .-,'.-“ _m""

values v = 0,1,2,3,...,9 and the allowed transitional

changes during emission are _i
vt'=v'?! = Ay = 1,2,3, -.-,9 . (4.1) E

where v' is the upper-atate energy level and v'?! is the

lower-state energy level. The Meinel radiation bands are
known by the value of Av associated with the transition.
The band sequences measured in this study are av=2 (4,2 and

3,1) and av=3 (8,5 and ?7,4) transitions since they have

ST, L St ey

energy differences in the near-infrared region. A typical

measured spectrum is shown in Figure 4-1.
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Figure 4-1. Measured OH spectra -showing (4,2), (3, 1),

(8,5), and (7,4) Mei~el bands.

Each band sequence shown in Figure 4-1 is & complex
group of spectral lines, The caomplexity is due to
transitions in molecular rotational energ9gy in addition to
the changes in vibrational levels. These angular momentum
changes modulate the vibrational transitions causing the
intricate spectral structure. Appendix A includes

additional information on OH radical transition theory.
Rotational Temperature Model

In extracting temperatures from OH spectral data it is
assumed that the OH molecular population is in rotational-
state thermal equilibrium. The population distribution over

the different quantum numbers can then be described by the

T T W Y N Y T T U o v O o o Wy g
. . W

ot
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ﬁ Maxwell-Boltzmann distribution law {(Baker 19783,
F NV'J' = Cv'wJ' exp(-Ev‘J'/kT) ’ (4.2)
5 where
1 Nv'J' = number of molecules in vibrational level v' and A
rotational level J' at temperature T, f%:
wJ' = 2J'+1 or the statistical weight of state J' with Eéé
its (2J'+1)-fold degeneracy,. if?
CV, = a constant, equal to Nv'ler where @r is the ?éi
E. partition function for rotational level v,
; Ev'J' = energy of the rotational state, and equal to
i Fv'(J')hc, where Fv'(J') is the term value +for
: the upper-rotational state,
K = Boltzmann’'s constant.
; The volume emission rate in photons sec’! S ot a
- central line is given by Mies [1974] as
Iv'J',v"J" = Nyvge Av'J',v"J" i (4.3
vihere
‘ Iv'J',v"J" = intensity of emission from upper-state
i v'J' to lower-state v''J'',
é Av'J',v"J" = Einstein transition probability of
: spontaneous emission from state v'J! to
El state v'tJ',
N
o Inserting Equation 4.2 into Equation 4.3 gives the volume
emission rate of each rotatianal line arising +from a
- transition from an upper-state v'J' to a lower-state v''J'r, ::i




66

e s s s 8

Cc w A exp(-E

IvvJv,vvvva = v! vt viJr yrtrgee AT (4.4)

vtl

The computation of a rotational temperature from

Equation 4.4 requires a value for the absolute line

[ 00 BF D B A W

intensity Iv'J',v"J"; however, the ratio of twg relative
line intensities can be taken and a temperature computed
{Ware 19801 without the need for precise absolute spectral
radiance values. However, the ratio technique proves to be
a nonlinear (logarithmic) process and when several line pair
temperatures within a band are calculated, the averaging ot
the pair temperatures to obtain a true band temperature is
v difficult. The line intensities arg extracted +from data
whose noise characteristics are spectrally +lat (white
noise) and gaussian distributed [Ware 19801]. The difficulty
comes about in the nonlinear temperature computation because
the uncertainty of the calculation is not simply a 1linear
extension of the input data uncertainty. The combining of
: the line pair temperatures, therefore, cannot be computed
using traditional averaging techniques.

A model of the Boltzmann distributed data was developed
to eliminate the problems described abave. The model would
: describe all the lines that could occur within a band and

then be fitted to the measured data using a least-squares

technique. The mathematical model is

A R, 1t exp(-F B )
1 o

. ° i i
M A, »B) = L L1 exp(-F B )2 ’ 4.5
. 3 ) J o

s v 3
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M = the value aof the model at wavenumber i,

A = relative total integrated band intensity,

t, « A(2]I'+1) = 638, which is the Einstein coefficient
times the IJI! state degeneracy or the wavenumber
cubed times the line strength,

B = Ac/iT, where T is rotational temperature in °K,

F. = term value for upper-state transition,

R, = relative instrument response at wavenumber i,

L = summation over all lines within the band, is a
scaling factor to ensure the entire band intensity
is contained within the A. term.

The model shown above is similar to the intensity
calculation shown in Equation 4.5. The difference is that
the model pertains to an entire band aof transitions and is
modified by Ri to appear like the measured data. All
quantities within the model are now known except the band
intengsity Ao, and the temperature term B'. Within each OH
band, the measured data points can be subtracted <from the
model at the same wavenumber and any differerces will be
contained within small changes of A and B° times the

derivative of the model at points A° and Bo.

aM (A ,B ) aMm (A ,B )
LI ] + AB[———“——'—] , (4.8)

Dy - M = °Ao[ 2A R B
[ ) )

i

where Di is the measured data point. Equatian 4.6 can be

shown for (j) data points within a band in matrix form as

T T RO c_‘.-_' L -."'.' '."'.' '.'_'-‘_'. A . Lt
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- (
(D‘ Ml) Y ) ( 2B ) AA°
? . .° ° AB
. = . . * , (4.7
'\ . L) L]
» an an
(D - M ( ) « )
j 3 A B
. - - 0 o
- where the left matrix is the difference between each
-~ measured line intensity within a band and the line intensity
) as predicted by the model. The right hand side of Equation
. 4.7 must be equal to the preceding difference.
3 The computation of Equation 4.7 requires the solution
‘% for each o+ the derivatives
M, R. t, expt(-F. B )
- 9 i i i P i s (4.8)
: A N ’ )
[ ]
- and,
e am, A, Rt exp(-F B
", = [ (! F exp{(-F B })] - N F,
- 3B 2 [tz 1 F expc-F B, i
o, 0 N J
- (4.9
- where N = § !jexp(—FjB.) or the normalization factor. alt
- the terms in Equation 4.7 are computed and submitted to a
f least-squares fitting routine, developed by Lawson and
. Hanson [1974] which returns the values of 4A and 4B . The
n .

least-squares routine is used to sol'e problems of the form

Ax = B ’ (4.10)
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where }

A = the derivative matrix of Equation 4.7,

[4

s 4"

e
oY

x = the unknown or &4 matrix,

e
L
P

L Wl A R S =
f,

r

s’

B = the difference matrix.

v,
AN

» To begin the process a starting temperature was chosen'
and all terms computed. The result of this first fit is to
determine an appropriate initial value for A. (A. is merely
a relative intensity term). Once the initial values for B.
‘E and A. were ascertained, the least-square fitting routine
was operated in a loop, the derivative matrix vectors were
. each scaled to unity value before submission to insure
E converqgence of the fit, and each time the routine would
5 return values far AAo and AB.. The 4 values were added to

the previous values for A and B , the model values

recomputed and resubmitted to the routine. The value oFf AB.

B
LA

>, was tested a%ter each iteration until the temperature change

(temperature is part o+ B.) from the previous fit was less

- than 0.3¢ K. When the least-squares routine converged to
the 0.% *K limit the values for A. (relative band intensity)
and T (the temperature part of B.) were stared along with

- the time and date of the frame.

R The constant terms used in the model were computed by

Espy (19841 using the molecular caonstants measured by Coxon

a’a

and Foster [1982]1 and OH dipole moments derived by Werner et

a

‘A ORIRA

al. [1983). The values of these terms are given in Tables

4-1 through 4-4, The tables show the wavenumber, a typical

§ VY

relative instrument response, the term value far the upper-
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:- TABLE 4-1. Molecular data for OH Av=2, (4,2) band.
Line Wavenumber Relative Term Value Line Strength
o (cm~-1) Response (cm-1)
:‘ Pi(4)% 6159.4634 0.147 13421.921 0.23415100E+13
P (4)#% 6174,.994 0.166 13514.125 0,19663726E+13
P (3)% 6200.353 0.199 13320.758 0.16226162E+13
P (3)% 6219.070 0.2249 13428, 966 0.13226441E+13
- P:s (2)% 6238.114 0.24?7 13248.923 0.880802&60E+12
- P2 (2)% 6260.766 0.273 13377.6195 0.70291000E+12
» a (3 6301.317 0.326 13421.922 0.2506736TE+12
f & (2) 6309.948 0.336 13320.758 0.71495030E+12
oy a (1) 6315.828 0.344 13248.923 0.11681950E+13
‘ Rp (1) 6368.381 0.411 13428.966 0.60586570E+12
. Ry (1) 6387.661 0.440 13320.738 0.74062960E+12
i: R; (2) 6411.112 0.423 13421.921 0. 12600000E+13

’.‘ .lrl.

o TABLE 4-2.

(# lines used in $it).

Molecular data for OH aAv=2,

(3,1)

band.

Line Wavenumber Relative Term Value Line Strength
. (cm-1) Response (cm-1)
; P;i (4)% 6480.230 0.3522 10352.446 0.27218330E+13
o P (4)% 6493.579 0.593 10443, 293 0.22819S20E+13
- Pi (3)% 6522.332 0.626 10247.071% 0.18861154E+13
< P (3)% 6541.23°9 0.630 10354.206 0.133S50037E+13

Py (2)% 63561.409 0.679 10172.300 0.10240617E+13

P (2)% 6584.362 0.712 10300.410 0.81566820E+12
o a (3) 6627.706 0.770 10332.446 0.357940270E+12
~ Q ¢(2) 6636.171 0.782 10247.0714 0.82784%900E+12
v Qg (1) 6642.081 0.789 10122.300 0.13556844E+13
. Rz (1) 64697.063 0.867 10354, 206 0.3%5196955E+12
- Ry (1) 6716.853 0.892 10247,07¢ 0.86348040E+12
j Ry (2) 6741.33% 0.9231 10352.446 0.14703511E+13
- (* lines used in #it)
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X TABLE 4-3. Molecular data for OH aAv=3, (8,5) band. ?ﬁ_
:‘:: ;}:-‘N

‘ Line Wavenumber Relative Term Value Line Strength F‘

(cm-1) Response {cm-1) i-?
> G
- P (S) 73555. 1S5S 1.000 24163.0%96 0.54607000E+13 'kﬁ
. P: (S) 7569.641 0.997 24248.912 0.47194710E+13 Rt
- Py (4) 7600.862 0.992 24055.028 0.41913920E+13
¥ P2 (4) 7617.468 0. 990 24152.797 0.3353405S0E+13
P (3)% 7642.34S 0.984 23971.237 0.29201SSO0E+13
- P (3% 7661.252 0.98% 24083.736 0.23944700E+13
n Py (2)% 7679.631 0.978 23911.382 0.159352644E+13
- P: (2)% 7700.808 0.972 24042.113 0.128460350E+13
- Q (3) 7726.136 0.960 240355.028 0.935265240E+12
:~ @ (2) 7739.286 0.952 23971.237 0.13444194E+13
Q; (1) 7748.511 0.94S 23911.382 0.21738030E+13
Rs (1) 7791.408 0. 900 24803.736 0.11463823E+13
Ry (1) 7808. 166 0.874 23971 .237 0.13900488E+13
R; (2) 7823.076 0.857 24035, 028 0.23899920E+13

' Ll
TR N A

AR A,

="

o
)
p

(* lines used in ¢it)

TABLE 4-4. Molecular data for av=3, (7,4) band.
Line Wavenumber Relative Term Value Line Strength
{(cm=1) Response {cm-1)

Py (S)% 8049,.708 0.786 21763.099 0.66072740E+13
P (3)% 8064.112 0.779 21847.340 0.356979800E+13
Pi (4)% 8096.397 0.74S8 21649.131% 0.40669700E+13
Pe (4)% B8113.112 0.7354 21745.519 0.42663300E+13
P (3)% 8138.903 0.740 21540.824 0.353024S50E+13
P (3)% 8158,204 0.723 21672.328 0.28898620E+13
P (2)% 8177,237 0.711 21497.994 0.192277462E+13
P (2)%- 8199.208 0.696 21628.204 0.13491604E+13
Qi (3) 8227.210 0.680 21649.131 0.11407934E+13
Q (2)% 8240.067 0.672 215460.824 0.16141494E+13
a (1)% 8249,071 0.668 21497.994 0.26171900E+13
Re (11% 8294.714 0. 646 21672.328 0.13787840E+13
Ry (1)% 8311.901 0.642 21560.824 0.16761780E+13
R (2)% 8328.374 0.635 21649.131 0.28788900E+13

(# lines ugsed in $it)
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Q state transition, and the theoretical line strength for each g¢%
line. The wavenumber shown is the average of the two A- Ei"
A,
e
doubled lines; the term value is also the average of the two :ﬂx
.::_}.'-‘.
lines, and the 1line strength given is the sum of the two ﬁj;
line strengths. The sum of the line strengths was used E;;
because the measured line is actually the sum of the A- ;fli
daubled pair. Data for all the strong lines are listed for ;Hy:

a
use in the normalization factor of the model but only those Eﬁﬂ

with "%* were used in the fit, The reasan all were not used T
in the fit was that many were determined to have been ﬁf&
contaminated by water vapor absarption or by other emission gi;”

lines [Roychourdhury 1983],. ;?f

Error Analysis and Testing ot Model -

~ &
T,
.
()
.

ot

The model used here is over-determined with only two ﬂpx

.\

\I _-. -

unknowns and at least four equations (in (8,5) band €it, TE;

more in other bands) and as such, the additional information
can be used to estimate the accuracy o+ the least-squares

fit. Examination of Equations 4.7 and 4.10 shaw that when

the fitting routine is complete, the derivative matrix A is
left as a 2X2 upper-triangulated matrix. The rest of the
terms in the A matrix are of little significance because the e
least-squares routine has manipulated the data into the
upper~triangulated portion in order to solve the equations.

The upper-triangulated matrix now takes aon the farm
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r
R = 1,1 r1,2 . (4.11)
2,2
where
R = upper-triangulated coefficients returned in the

derivative matrix A.

Upon completion of the fitting routine, the values left
in the matrix x must be equal to zero, excepg for noise in
the +fit, and the upper two values in the vector B must also
be equal to zero, alsa except for noise, because the system
of equations has been solved. But because noise does exist
in the +fit then some residual remains. Therefore, the

equation system is left in the form
R x =n N (4.12)

where n is the noise vector,

In order to calculate the accuracy of the models’ fit to
the two system unknowns (temperature and band intensity) it
is necessary to obtain the covariance matrix which contains
the variance of each parameter in the least-squares fit. It
can now be shown by manipulation of Equation 4.12 that the

covariance matrix {s [Lawson and Hanson 19741

x x'> =R <nn >R , (4.13)
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where

T . .
{X x > = covariance matrix,

E = inverse of R,
T indicates the transpose operation,
<{n nT> = the variance of white uncorrelated noise.

The noise in the system fit is assumed to be white and
uncorrelated because all the mathematical wmanipulations
perfarmed were linear in nature.

A measure of the noise in the system is returned by the
least-squares Ffitting routine. The returned parameter is

the Euclidean norm of the residual vector and is called

Rnorm' The variance of the system fit can be computed from
R as
norm
62 = (R 2)/(M-K) , (4.19)
norm
where

02 = variance of €it,
M = number of equations in the fit,
K = number of unknowns in the fit.
The covariance matrix can be solved in terms of the variance

of the model’'s fit

<{x xT> = 62 I (R R ’ (4.15)

vwhere 1 is the identity matrix.
The standard deviation for each of the fit variables can
be computed from Equation 4.193 in terms of the original

variables of the residual matrix R and the variance 02.
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(r + r ) = -
g, = 2,2 1.2 (62) 2 , (4.16)
A (r r )2
1,1 2,2
where OA is the standard deviation of the intensity

functian.

The standard deviation on the variable B (temperature is

part of B) is

1

2 —

_ g 2
OB = [ > ] . (4.12)

Referring to Equation 4.5 for the relationship  between
temperature T and the variable B, the standard deviation o+

the temperature can be calculated

2
(4.18)
O = (G hck) /(B D) . 3.18

where cT is the standard deviation o+ the temperature as
calculated by the model.

The model presented herein provides a methaod +for

calculating relative band intensity, rotational temperature,

and the standard deviation on both parameters. Appendix D 3;£
presents the computer programs which implement the data :T-':;'.‘
processing algorithms developed. ti}

As verification of the quality of the model, the pracess ﬁ”ﬁ
outlined was used to compute the intensity and temperature
of synthetic spectr. generated by Espy [1984)]. The signal-~
to-noise ratio of the synthetic spectra was varied +from a

low of 2 to a high of 20 and then each was submitted to the
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Figure 4-2, Model temperature test results on synthetic
spectra vs. signal-to-noise ratio with standard deviation
shown as bars [(Espy 19841.

model for processing. Figures 4-2 and 4-3 show the results
of the test, As can be seen, the mean intensity and
temperature of the model closely track the actual parameters
even in very high-noise enviraonments. The erraor bars shawn
on both +figures indicate a 1 sigma uncertainty associated
with the calculation, and as the noise increased, the
uncertainty of the calculation increased as expected. The
tests were conducted on a single frame of dataj therefore,
an improvement could be made by averaging frames at the cost
of temporal resolution degradation. The signal-to-noise

ratio of the measuvured data was usually about 100, which |is
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much higher than the signal-to-noise ratio of the test
frames; therefore, the uncertainty should continue to

decrease so the confidence in the model is very high.
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Figure 4-3. Model intensity test results on synthetic f
spectra vs. signal-to-noise ratio with standard deviation t

shown as bars [(Espy 19841.
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observation sites in the western United States in the spring

ot 1983. Over several manths of observation, ane of the
brightest airglow structure events was seen and recorded on
June 15, 1983, thus fulfilling the primary goal of this
study. The observation was made from Sacramento Peak, New
Mexico. The site is lacated at 105°48° 16" west longitude,
32°47°'37" north latitude at an elevation of 9370 feet. The
results presented in this chapter were taken from this site

between June (3 and June 15, 1983. A complete catalaoqg of
the results computed from the interferometer data is
presented in Appendix C.
Background

The interferometer with an image-intensified infrared
isocon camera mounted on and coaligned with the
interferometer telescope (see Figure 2-9) was used to
collect data at the observation sites. A second lIsocon

camera was mounted on its own tripod and was used to search

the skies +for indication of structure prior to moving the
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RESULTS af

Introductian oy

The high-throughput, narrow field o+ view fﬁ
A

interferometer-spectrometer was taken to several airglow R
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more bulky interferaometer. The infrared cameras were
supplied by the University of Southampton, England. Taylor
{1983-84] operated the camera equipment and provided
experience and expertise in the search for airglow structure

events. The cameras were the "eves” for the interferometer

in determining if any OH airglow structure was present. RIS

Once an area of OH airglow structure was located in the sky S

the camera-interferometer system was positioned to view that !?‘
area. The data from the two coaligned systems were used to j}i
correlate the viewed and calculated intensities and ;ki

temperatures,

An infrared radiometer [(Huppi 19761 was also used to b

gather trend and absolute intensity data of the OH activity. s

‘-.',
The radiometer looked in the zenith and has a field of view §¢;

af 9. The radiometer spectral bandpass was centered at

1.393 um wavelength.

Intra~ed Isocon Camera Results

The Isocon camera systems’ response is in the near-

infrared +from about 700 to 830 nm. The response curve and 3
the OH transitions which occur within this bandpass are :ﬁ;:
shown in Figure 1-3, ;;{

Figure $S-1 shows a video frame taken with the lar je,
independently-mounted isocon camera at 8:135 hrs. UT an June
13, 1983. The field of view for the photo is 28°* vertical <.
and 37* horizontal at an azimuth of about 320° and the

bottam o+ the picture beginning at 10°¢ elevation,
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] bea
; Examination of this frame shows 7 distinct bright OH ;:E
Y

N emission bands. The bands are moving northward in a if
W

% direction normal ta the bands (moving towards lower right 5@
3 hand corner of frame). These structural bands extended :EE'.E
': across the entire narthern hal+ of the sky. The structure él
E depicted in Figure 5-1 was observed and recarded beginning ;ig
. S
E at 7:30 hrs. UT continuing until 10:15 hrs. UT on this date. :;:
Using the video record, Taylor [(1983-84]1 calculated the [”

" \.".‘-

3 apparent wavelength and velocity of the band structure, with

oY) technigues described by Hapgood and Taylor [1982]. Using
the location and altitude of the observation site, radius o+f
the earth, viewing angles of the camera, and assuming that ﬂi
3 the band structure resided on a spherical shell at an
constant altitude of 87 km, the apparent temporal wavelength E "

. derived was 241 km, and the apparent period was 1431
minutes,. Based on these two values the apparent velocity is
28+2 meters/second which agrees closely with other similar
- observations (Taylor et al. 19801. e
~

= The small isocon camera which was mounted on and :;
= coaligned with the interferometer, was operated during the
same time frame as the large camera. The field of view oOf

the small camera is nearly square being 13* vertical by 15°®

horizontal.

4
[ R

Figures S5-2 through 5-4 show a sequence of video frames
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beginning at 7:32 hrs. UT and taken at 8 minute intervals

)

with the small camera. Each frame again shows, in more
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detail, the OH emission structure. The *"X" in each frame
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marks the center of the interferometer's +field of view

within the video frame. The interferometer’s field of view

AP VL g e e 1A

is 0.8° full field and, therefaore, is about 0.4 inches in

diameter on each +frame. This small field of view permits

.

the interferometer to resolve the bright and dark portions

N of the structure. The interferameter is viewing at an

elevation angle of 17* and an azimuth angle of 328°¢ in the

. sequence, The three photos show one of the periods where

the interferometer was able to view a bright, a dark, and a

bright band in sequence as the structure moved through the
field of view.

Figures 35-5 and 35-6 show another similar sequence of

~ video +frames observed later in the night beginning at 8:31

hrs. UT at an interval of 11 minutes. This later series of

frames again shows the interferometer viewing a dark then a

E bright emission band as the structure moves, The
:{ interferometer was viewing at an elevation angle of 15.5*
i and an azimuth angle of 340° in these last two figures.

3 Taylor (1983-84] compared the bright and dark bands

recorded by the small isocon camera with the OH (3,1) band

% intensity plots computed using the interferometer data
; (shown later in Chapter V and in Appendix C). In the time
? period from 2:30 ta 10:1S hrs. uT the two independent
iﬁ records show that for each bright or dark band depicted in

é the video data a corresponding increase or decrease in

- intensity is also shown in the interferometer data. This <Y
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Q comparison showed 16 distinct pointe of correlation between

- the video frames and the interferometer intensity plots.

N

E Infrared Radiometer Data

)

! The radiometer was used ¢to show trend and absolute !.%
‘ radiance values +for the OH infrared activity as viewed _;;W
L within a 9° field of view in the zenith. Radiometer data ,;3
P are included to show for the night before (June 14, 1983) .t—'_'.-‘
ﬁ4 and the night of (June 15, 1983) the recorded structure, OH :ilf

- airglow emission intensity exhibited some unusual trends and e
modulations. Figure 5-7 shaows the radiometer data for three
specific days and is calibrated in kilo-Rayleighs (kR) of
intensity of OH (3,1) band emission. The scale has been
shifted to show the three days all on one chart.

Day 162 is a typical curve of near-infrared OH activity

and was taken from White Sands Missile Range (4300 feet

elevation) and located about 30 miles from the Sacramento
Peak site. As can be seen from the Day 162 curve, the
intensity of the 1.53 uym radiation steadily decreases after
local sunset (sunset occurred about 3:30 hrs. um and
throughout the night.

The Day 165 radiometer curve, however, shows a markedly

different trend in the OH activity. The post-sunset

RIS B

0.
P

decrease starts, but at about two hours before local

-y -y
¢ N

% midnight (or 5:00 hrs. um) the OH activity dramatically

increased. After the peak, the OH activity remains high but 'uﬂ

also shows some modulation that could be interpreted as fi

.
o
SR AL

.
A

f
‘e

’

.af

s 2k ama

~ . - - . - ¢ ' a7 e . -

T P T . . . B . IS L S I . S . P . . W s

e *e M, ", e T . . - ot e . - ' . - . - ' . - o7 - . . -7 . . -t . - . . R A T S S R S S
L.,---_-_.._vn...x‘..._..-“q..,;“ 2 e e B e S i Zrin R, Y N WP I S R WS At a el s e el e Sty el el el e




>

4... R [P Ve S AL

39

.....'
B ]

T
et

sy o.
[
[ SN

-~
.
.

*1auvueyd wd €T aYyy Jo} s
‘goT ‘Z91 sAep 1N 404

elep a8yl ‘£861 Bulunp 997

pue sbuipead JdjaUWOIpey re-9 34nE1 4

TINNYHI MES T HILIWOT0OUY HI
(LN 3IWIL

01 6 8 L 9
T T T 1 T T I

[Gp)
b=y

|

G4

- 4

V1iva> 9gl

a %§i£[§}$ Josi
(I 0L + VIVAY SS9l AvdQ
1512
| 1

-— ! 0Ge

AVQ

(8+) IDNICTY CM7a(1'EYHO

-4




PEL

MOARR=  r r T e

0

distinct large-scale wave structure passing averhead. The
period of these intensity waves ranges from 30 to 60 minutes
with a modulation (or contrast ratio) of from S to 10
percent. The waves were not distinguishable in the zenith
with the infrared camera equipment because the zenith
emigsion intensity is too +faint and their large size
exceeded the camera’s field of view. A camera was lowered
in elevation in an attempt to view the waves (lower
elevations view the structure obligquely thus the waves
appear compressed together and brighter due to the van Rhijn
etfect) but no structures were distinguishable by the camera
throughout the entire night.

The radiometer curve in Figure 3-7? for day 166 also

shows enhanced OH activity. Although not as intense as the

previous night, a similar pre-midnight maximum is observed..

After the pre-midnight maximum, the decrease is slower than
normal and again some distinct wave structure is oObserved.
The structure has periods of about 25 minutes and
modulations in intensity of about 5 percent. Shortly after
local midnight (7:00 hra. UT), the moon had set far enough
to lower the sensitive camera to the horizon to search for
observable structure. The measurements gathered throughout
the remainder of the nignt with the cameras and
interferometer also exhibit high-contrast OH emission

structure.
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Direct Comparison of Interferometer

7t oy

N
5’

and Radiometer Intensities

o
N,

Prior to wmoanset on UT days 165 and 166 the -
interferometer was pointed to the zenith and was viewing the
sky coincident with the radiometer. Therefore a direct
comparison is made between the two records. Figure 3-8
shows the OH (3,1) band intensity from 3:30 to 7:15 hrs. UT
on day 1695. The radiometer data were used to provide the

absolute calibration for the interferometer, but as the

figure shows the trends in the interferometer intensity
curve track the radiometer curve closely. The intensity
peak appears at about 3:40 hrs. UT on this day. The
standard deviation of the interferometer intensity
calculation is about 2% (the standard deviation curve is
included in Appendix C). The interferometer was realigned
at 6:30 hrs. UT. Just prior to realignment, the standard
deviation of the intensity increased. After alignment the
intensity appeared to have increased. These observations
make the rapid intensity decline at 6:00 hrs. UT suspect, as
an instrument alignment drift problem.

Figure 35-9 presents the interferometer OH (3,1) band
intensity far UT day 166. Again it compares favorably with
the radiometer curve for the same day in Figure 35-7, The
intensity peak occcurs on this day at 3:30 hrs. UT. The same

reservations about alignment drift occurred on this day at

6:00 UT as happened on the previous day.
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The calculated interferometer OH radiance and
temperature curves for the other OH Meinel bands measured in
this astudy are included in Appendix C. The absolute scales
o+ radiance for the other OH bands were based on the (3,1)
band (the radiometer was calibrated in terms aof the (3,1)
band) and using the band intensity ratios developed by
Turnbull and Lowe (19831 (I(4,2)=1(3,1)x1.03,
I1(8,5)=1(3,1)x0.14, I1(7,4)=1(3,1)x0.09). Only when the
interferometer is viewing in the zenith are the intensity
curves plotted in absolute terms. The geometry of looking
at low elevation angles +or the other data precluded
inclusion of absolute scales. Also shown in the Appendix

are the standard deviations for all the calculations.

Rotational Temperatures for

Interferometer Zenith Data

Included in Figures $S-8 and S5-9 are the calculated
ratational temperatures for days 165 and 166 when the
interferometer is viewing in the zenith. The temperature
for day 168 indicates a rise in temperature and intensity,
beginning at about 4:00 hrs. UT, with a mean temperature of
about 178 *K. The total rise in temperature is 135 *K with
the peak occurring at S:20 hrs. UT, The temperature curve
for day 166 shows the same increasing trend as on the
previous day. The mean is about 170 *K with a total rise in
temperature of¢ 135 °*K, The temperature peaks on day 166 at

S:10 hrs. UT. On both days as the interferometer views the
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.z zenith, the peak of the temperature curve precedes the peak %;f
. o+ the intensity curve by about 20 minutes (discussed more 3
5 in Chapter VI),
v
A Rotational Temperature
Smoothing Algorithm
i The curve o0f calculated rotational temperatures appeared Eiﬁ
~

- quite noisy at times. Consequently, smoothing algorithms !@
g were employed. The smoothing technique used is a 3 frame ;ii
k wide sliding window where the averaging is a weighted one. EEE
t% Only 3 data points were used s0 as to not degrade the -
%T temporal resolution of the data (this is about a 2 minute
? time window) and still provide sufficient smoothing. The

weighting is accomplished using the reciprocal of the 'i*
:: standard deviation squared (or reciprocal of variance) +for iﬁ?
5 each data point as its weighting factor in the running sumig }éé
. therefore, if a particular data point has a large o
z: uncertainty it is weighted less in the average. This
i algorithm was chosen because in data sets with large
: -
o differences from data point to data point, with significant _
5 differences in the variance of each point, this weighting .
& technique best identifies the mean curve through all data ff
- points [Bevington 196%1. -‘
E The specific algorithm used for the rotational i?}
LY e
~ temperature smoothing is %tf
¥ g
o
o
s e T T T e R Tt D D e L e e e
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T .= L (T /7(C¢ }Yyr & (Lr7<Kq 3 ) . (35.1)

i i . . T
i=1 i i=] i

where

?i = weighted average temperature at time i,
Ti = temperature at time i,

cTi' standard deviation of temperature Ti'

The standard deviation on the asmoothed curve is also

changed due to the weighting and is recalculated using

- 3 2 '%
cT = [ £ (1/(¢T 3} )] s (S.2)
i i=1 i :
where
;Tt = averaged standard deviation at time i.

Figure 5-10 shows temperature and standard deviation
curves before smoothing and Figure S-11 shows the same
curves after smoothing. All the temperature curves in
Appendix C show a set of temperature curves for both before

and after smoothing,

Interferometer Recorded Structure

This research project was undertaken in an attempt to
quantify the intensity modulations and anticipated OH
rotational temperature modulations associated with airglow
structure events ¢typified in Figure (-4, The presentation
in this section is  the result o+ the processed
interferometer OH (3,1) band records, which were observed

during the airglow structure event 0of June 15, 1983. The
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standard deviation before smoothing.
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igure S-11. OH (4,2) band rotational temperature and

standard deviation after smoothing.
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OH (3,1) band data have the highest signal-to-noise ratio
and, therefore, are felt to be the most reliable. The
presentation is 9iven in three segments corresponding to
when the instrument was moved in viewing elevation or
azimuth. A complete catalog of all the observed OH band
intensities and rotational temperatures is contained in
Appendix C.

The interferometer-isocon camera system was lowered to a
viewing elevation angle of 17°* and an azimuth angle of 328°¢
at about 7:30 hrs. UT (after moonset) on this date. Figure
5-12 show the intensity modulations (and standard deviation)
as seen by the interferometer until about 8:30 hrs. UT. The
bright band, dark band, bright band sequence show a
modulation in intensity of about 20%. This same sequence is
also shown in the isocon video ;ramos in Figures 35-2 through
5-49, Following the last bright band, the intensity falls
o++$ by 40%, indicating a relatively dark band. The

simultaneocous plot of the OH rotational temperature shown in

Figure 5-13 has a mean temperature o+ about 163 *K. The
modulations seen are in phase and correspond to the
increases and decreases in intensity in Figure 35-12. The

magnitude of the temperature modulations are from 3 to 8 *K.
The standard deviation on the temperature calculation is
about 3 °*K.

The interferometer was moved to a different viewing
location at about 8:30 hrs. UT and remained there until

about 9:135 hrs. UT. The new viewing angles were 15.,35°
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Figure 5-12.
deviation,
8:30 hrs.
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day 166, 7:30-8:30 hrs. UT.
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elevation and 340°' azimuth. The intensity modulations at
this viewing position are shown in Figure 5-14. The first
dark band, bright band, dark band sequence in this +figure
show a modulation of 40%. The intensity modulations shown
after the first bright band are much smaller, being on the
order of 10%. The videa +frames in Figures 5-5 and S5-6
correspond to the first dark band and occur just after the
peak of the very bright band of Figqure S5-14, The rotational
temperature plot for this same time period is shown in
Figure 5-135. The mean temperature is about 165 °K. with a
maximum madulatian of 10 K, The uncertainty on the
temperature calculations is about *4 °K during this time
frame. The temperature and intensity modulations, at the
beginning of this measurement period, are again in phase
with each other. The 10% intensity modulations shown in
Figure 5-14 occurring after 8:%0 hrs. UT, however, do not
show any discernible modulations in the temperature.

The last observations of the night began at about 9:1S
and lasted until 10:15 hrs. UT. The viewing position of the
interferometer was again changed to 15.5°* elevation and 30%9°
azimuth. Figure 35-16 presents the intensity modulatian
record for this period. The curve shows the first sequence
of structure exhibiting a madulat an of 40% and three more
bright and assoCciated dark bands with modulations of about
20%. The corresponding rotational temperature plot, Figure
5-172, once again has a mean temperature of 1635 °*K. The

temperature modulations are from S tao 8 *K with each rise
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SACRAMENTO PEAK DAY 166: JUNE 34-1S5. 83 Pase,
NEW MEXICO OH BAND (3-~1) et
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-
[
1

.9 ) { ) N
8.9 s.49 18.900
TINECUT) o

SACRANENTO PEAK DAY 166t JUNE 314-1S5. 83
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Figure 3-14. OH (3,1) band relative intensity and standard
deviation, viewing angle = 15.5* El. 340*'Az., day 166, 8:30-
?:15 hrs, UT.
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SACRANENTO PEAK DAY 166t JUNE 14-1S. 83

228 NEU MEXICO OH BAND (3-1)

210 -
r{ I A%
190 L

180 L.

TEMPERATURE (X))

179 L

160 1 \
8.89 9.80 19.890
TIMECUT)

SACRAMENTO PEAK DAY 166t JUNE 14-31S. 83
39 NEW nMEXICO OH BAND (3-1)

28 L.

20 L

s L

19 L

STD DEV TEMNPERATURE (K)

T Y e

' L 1 1
8.00 S.08 10.608
TIMECUT)

Figure 5-195. OH (3,1) band swmc~thed rotation temperature
and standard deviation, viewing angle = 135.3* El. 340* Az.,
day 146, 8:30-9:13 hrs. UT. : .
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in temperature having a correspaonding rise in intensity of

at least 20%. The uncertainty on the temperature

i

calculations is again about %4 *K,
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The presentation in this chapter of the interferometer-
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recorded structure +or June 1S5, 1983 is focused on the
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information extracted from the OH (3,1) band. Examination
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of the Appendix C records for the other OH bands, presents

an additional observation. The two Av=2 band temperatures

v
DM P A

track each other within the standard deviation of the

Yy

PN

calculations. The two av=3 band temperatures track each

other within the standard deviation of the calculations.
- The av=3 band temperatures, however, are consistently <+rom
1S to 32 *K hotter th;n the av=2 band temperatures
(discussed more in Chapter VI). Figure S5-18 is an example
with additional data available in Appendix C. Table S-1
outlines a summary of the results presented in this chapter.

TABLE S-1. Summary of OH airglow structure measurement
results for June 15, 1983.

1. Apparent structure period e e o s 2 = e » 1421 minutes

2. Apparent structure temporal wavelength . . . . . 24%1 km
3. Apparent structure phase velocity . . . 28t2 meters/sec }?ﬁ
q. Intensity modulations measured . . . . « « . 10 to 40 %

y S. Rotational temperature
‘ modulations measured . . . . . . . . . ¢« « « 8 to 10 'K

6. Phase relatianship of recorded rotational
temperature and intensity measurements . . . . In phase

7. Mean zenith OH (3,1) band intensity e e s e« s s « 7?8 kR
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SACRANENTO PEAK DAY 3166t JUNE 14-1S. 83

1.2 NEU MEXICO OH BAND (3-1)
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Figure 3-16. OH (3,1) band relative intensity and standard
deviation, viewing angle = 15.5* El. 309°Az., day 166, 9:195-
10:13 hrs. UT.
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Figure 3-17. OH (3,1) band smoothed rotation temperature
and standard deviation, viewing angle = 15.,3* El. 309* aAz.,
day 166, 9:15-10:135 hrs. UT,
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. CHAPTER VI

DISCUSSION OF RESULTS

Rotational Temperatures

The mean mesopause temperature for the month of June at
a mid-latitude site is expected to be about 170 *K with
variations of $20 *K possible during the month [NQAA 1976
and references thereinl. Noxon [1978] also recorded OH
Meinel rotational temperatures at Fritz Peak, Colorado (240°
N) during May 1927. During the last few days of May, he

recorded nightly mean temperatures of about 160 °*°K.

The mean OH rotation temperatures presented in Chapter V
are for an observing site at 232° N and are between 165 *°K
and 173 K, The references cited above suggest that these
rotational temperatures are typical of the mesopause
temperatures expected at mid-latitudes during the summer
seasan,

Examination of. the standard deviation plots on
temperature (Chapter V and Appendix C) reveals typical
values in the range 3-7 *K. This uncertainty is nearly as
large as many of the temperature changes obtained <from the
structure measurements. It is felt, however, that much o+
the computed standard deviation may be systematic rather

than statiastical. The model used for the determination o¢

rotational temperature is based on the assumption that OH
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rotational populations are in true thermal equilibrium and

are thus strictly Boltzmann distributed. A slight deviation

o0

from this assumption would cause a systematic error.

voe
ey

»

-> v
«

Another possible source of error results from the assumption

that all OH airglow radiation is emitted from a thin uniform | O
lavers whereas in reality, the layer is about 7 km in

thickness. In additiaon, at low viewing elevation angles

x10° the laver geometry is much more complicated. At these E
low elevation angles atmaspheric extinction, van Rhijn
offect, and curved spherical geometry potentially have a f%h
significant impact an the interpretation o+ the
measurements.

The interferometer spectral response calibration is very

sensitive ta alignment. The instrument typically remained
in alignment for about 2 hours. As can be seen from the
increase in the standard deviation as a function of time
(7:30 to 10:18 hrs. UT, day 166), the alignment changed
significantly and this change could account for a portion of

the uncertainty. Therefore, the temperature modulations

obtained +from the spectral data are felt to be more

accurately deftined than is suggested by the standard

I O N I I 1

deviation.

P

-,
P

The assumption that the low observation elevation angles NG
S
associated with the structure measurements did not unduly
impact the computed temperature is supported by the fact ;ﬂ}
r,}
that the temperature at 6:43 hrs. UT on day 166 was 163 *K KON
SRSA
\..\. .1
(see Figure 35-9) and the temperature at 7:30 hrs. on the SN
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same day was 166 *K (see Figure 5-13). These temperatures
represent the values computed just before and just after the
interferometer "look direction” was changed from the zenith

to near the horizon.

Rotational Temperature and

Intensity Modulations

The ranges of temperature and intensity modulations
aobserved in the OH Meinel airglow structures are given in
Chapter V. The “adiabatic oscillation" and “IGW" modeling
of the OH Meinel airglow variations mentioned in Chapter 1
utilize a parameter which is readily calculated from the
intensity and temperature modulations. This parameter is
the ratio of the change in emission intensity normalized by
the mean emission intensity, divided by the change in
temperature normalized by the mean temperature and is deemed
useful in studies of the OH airglow structure phenomena.
The parameter is usually represented by the Greek letter eta

(M) and is defined as follows:
N = C(aI/I)/(aT/T) ] . (6.1)

where

- Al = change or modulation in emission intensity, !

I = mean value of the emission intensity,

\: AT = chan9ge or modulation in rotational temperature,

mean value of the rotational temperature.
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The value of 1 is potentially useful in distinguishing
between chemical processes which give rise to the OH airglow
emission and temperature structure. The physics of this
parameter is discuss;d by Krassavsky [1972]1 and Weinstock
[197831. Pendleton [1985] has summarized the essential
f2atures of this parameter in Figure 6-1. In this figure,
the 1 value is plotted versus the ratio (H/Hx), where H is
the appropriat‘ atmospheric scale height, and Hx is the
scale height (near 838 km) of minor species "x",. Here the
letter "x" represents either oxygen (Q) or hydrogen (H) .
The simple adiabatic-oscillation model of Krassovsky (1972]
vields % values which are independent of (HIHX), whereas the
gravity-wave model of Weinstock (1978) vields (H/Hx)
dependent values. The range o©of % values expected on the
basis of values of (H/Hx) inferred 4roﬁ several measured
atomic oxygen profiles is also shown in the figure. The
information in Figure 6-1 indicates that values of % in the
range from JI to 6 might be expected based on current
gravity-wave modeling and the ozone hydration process.

Using the numbers for the intensity and temperature
modulations and means, presented in Chapter VY, the range o+
calculated values for %1 are from 8 to 12. These values are
about a factor of 2 greater than those shown in Figure 6-1.
In view 0f the relatively large standard deviations on the
temperature determinations, the nominal factor ot two
disparity batween predicted and measured 1 values is not

deemed significant.
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i . Figure 6-1. Expected values for % (vertical axis) based on
N gravity-wave models and oxygen measurements (Pendleton

19881.

PLELTIEERP s v LSS




c W .Ta ¢ 3 s e

R . £ | R A

s e

BT U

bl Rl BT

"t

KN 1

B S e S AR i afi o AR M MM RN - N I SR S o A A JON S LAG cage see S o s sne o TR At Grat G

114

The 1 values calculated for the time periods when the
interferometer was viewing in the zenith were obtained by
assuming the pre-midnight increase in both temperature and
intensity reflected a wave-like disturbance. The zenith-
viewing 1 values associated with the major pre-midnight
(r, ™ fluctuations on UT days 165 and 166 were found to be
consistent with N values deduced +from the low-elevation-
angle data. The consistency of these twao sets of
calculations lends credence to the idea, once again, that
viewing near the horizon had little impact on the 1
determinations although the modulation in both intensity and
temperature may have been impacted by the geometry of the
measurements.

The field of view (FOV) of the interferometer is 0.8¢
full field. Consideration of the OH structures in the
nominally 13°* by 135* video frames suggests that the 0.8° FOV
of the interferaometer results in a horizontal spatial

integration over about one half cycle in the quasi-period

structures,. This integration will degrade the horizontal
spatial resolution of the interferometer measurements. I+
the wave is assumed to be sinusoidal in nature and
restricted to a very thin spherical shell, a simple

integration over 1/2 cycle indicates that the rotational
temperature modulations could be degraded by a +factor of
about 1.9. The horizaontal intensity structure is expected
to be more complex than the temperature structure [Weinstock

1978131. However, it a similar "degradation factor" were
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applicable to the intensity measurements, then the

satisfactory agreement o+ the 1 values deduced from the

BT P g N ] PLIL PO

zenith-viewing and near-horizon-viewing measurements could

- be 2xplained.

Temperature Differences Observed ii;

Between Bands iﬁ;

! Rotational temperature differences between the high-v! i“i
i and low-v' levels characterized both the zenith-viewing and }lf*
near-horizon-viewing measurements. The high-v! rotational ;i:d

i temperatures were consistently higher than thaose obtained ﬁ?fi

Q from low-v'! bands. The bands used for detailed comparison
are the high-v' (7,4) band and the low-v' (3,1) band. These
. bands were chosen because of favarable instrument respanse
; and alignment stability in the spectral regions of

occurrence, The temperature differences observed ranged

N
i between 15 and 32 °K. The smaller difference applied when
loaking in the zenith, and the difference gradually

increased throusghout the night as the telescope was

AN N
L

physically moved, affecting the alignment. The increase in
the temperature difference is largely attributed to

instrument alignment drift because the standard deviations

' I

- on the temperature calculations (whic also reflect Eﬁf%
; misalignment) increase simultaneously with (and at about the i?;

- same rate) the increase in temperature difference. i#g
. .. N
] £}
. Explanations were sought for this difference. It was =

discovered that an error in the line strength constant +for gfg
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- the OH (7,9, P (&) line had been eentered into the
processing system, The canstant was about 20% low in value.

In order to assess the impact of this error, a synthetic OH
spectrum was generated assuming a typical temperature with

the associated error entered, and a Boltzmann plot was made.

Vi T
PR PRI

A line was fit to the points in a least-squares sense and an

associated temperature extracted. The OH (2,4) band model

)
1, ’,
[N
is

,

used 12 lines in the fit; therefore, because the model fit

is least-squares in nature the error from this incorrect
constant was found to be less than 1%.

Another possible explanation of the high-v', low-v!
temperature difference is slightly different (z 1-3 km)
emitting altitudes. The ratio of AT to the mean temperature
?, i+ different for the high-v' low-v' measurements, would
support such a difference in mean emitting heights
tPendleton 198S1. The AT/T ratio within each observational
time frame was calculated and‘the difference in the ratio,
between the high and low rotational levels, was found to be
less than 10%, with less than 30% difference among all
frames. These differences in the AT/T ratio between high-vt
and low-v"! bands when viewed in terms of the calculated ;3;A
? standard deviations does not provide evidence far
differences in mean emitting altitud..

Within the standard deviation of the calculations, the

rotational temperature differences between the high-v! and

low-v'! levels appears to be real. The magnitude for this
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dif+erence, as was mentioned in Chapter I, is within the “

range reported by Krassovsky and Shagaev [19771. F
-
~

Ty 'y

PO
AN AR

Temperature and Intensity .

"

a *

Phase Relationship E

The modeling of IGW's mentioned earlier predicts that

the changes in the OH Meinel rotational temperature should
be in phase with the IGW (Hines 19601. The change in Ei
intensity, hoviever, should be related to the IGW temporal -
structure in a potentially more complicated manner. This
situation arises partly because of the finite chemical time {;:
constant associated with mesospheric ozone. The appropriate '

time constant for the cool (T =% 160 *K) summer -mesopause

conditions is about 28 minutes [Pendleton 19851. Far IGW EF_
periods somewhat in excess of this value, chemical ;&ﬁ

A
conversian of¥f 03 is expected to be a significant factor in Eéh
the phenomenology, whereas faor much smaller IGW periods i;:
chemical conversion should be unimportant, Examinatiaon of t;i
Figures 5-8 and S-92 shows that the temperature maxima lead ii;
the intensity maxima by abaout 20 minutes. This apparent E;;
phase difference may relate to the aforementioned 03 time

canstant, but it would be premature to draw this conclusion.

U0 oo SICEEN

It is suggested that additional attention be given to this .
interesting possibility. :fi
The small-scale structures observed near the horizon on }g.

uT day 166 exhibit an in-phase relationship between ;ﬁt
intensity and temperature. The only exception to this is }2?
e
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when the measured intensity madulation was less than abaut
20%. Under these conditions, no direct correlation between
intensity and temperature could be drawn. Since the
measured period of the small-scale OH Meinel structures was
significantly less than the nominal 85-~km O3 time constant,
it does not appear that the in-phase behavior of the larger-

amplitude fluctuations is necessarily inconsistent with the

zenith measurements.
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS
Overview

The goal of this study was to design, develop, and

operate an instrument system capable of performing

simultaneous spatial, spectral,‘and temporal high-resolution

oA
OH airglow measurements. The design herein, and the Eég
resulting data demonstrate the effectiveness of the :iﬁ}
technique. An airglow structure event which occurred on iﬁi
June 13, 1983 was measured with the interferometer- el

spectrometer system. OH Meinel intensities and rotational
temperatures were obtained for the peaks and troughs of this O

wavelike structure. iai
Conclusions S

The following are the specific accomplishments of this
study. The areas addressed pertain both to the instrument
designed for airglow structure measurements and to the data
processing techniques used.

1. An optically-compensated interferometer for high
throughput (AQ=0.28% cm2 sr), was matched ¢to a large
area collectaor (50~cm diameter) to narrow the field of
view (0.8°), A noise equivalent spectral radiance

(NESR) (sensitivity) of 16 R/:m-l at 1.5 jim was
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120 o0
achieved. In comparison, a conventianal Michelson ;jﬁ
interferometer-spectrometer with the same detector, E?f

e
A
collector area, resalution, and scan time would have a A
- n‘:‘\.'z:
NESR of 128 R/cm 1, a factor of 8 less sensitive than &S.
o
the one developed far this study. When compared with a FA»
conventiaonal Ebert spectrometer, using the same detector :ff
and operated at the same resolution, a sensitivity o+ li:
-1 S

208 R/cm could be achieved, a factor of 13 less L

sensitive.

-1 o

2. A spectral resolution of 2 cm was sufficient to
resolve the OH emission line structure for the ii:
extraction of OH rotational temperatures. Based upon a :;i
)
rotational line separation of 10 cm ' and the Hamming Eﬁ“
apadization <function used, the spectral resclution ot E;;
X
the instrument could be lowered to no more than 4 cmnl. :33
3. Based upon the video records, the bright or dark bands iiz
e
of OH structure subtend about 1* of arc at these low i;ﬁ
elevation angles (% 15, The apparent temporal ;&&
wavelength was 2421 km, with a period of 14t1 minutes, Eéﬁ
and an apparent phase velocity of 2812 meters/second. Eia

4, The interferometer system field of view was measured at
0.8°, The interferometer FOV is gsufficiently narrow to

independently view a "bright" or a "dark" structure

« o . et
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band. Based on this limited data set and simple wave T

i\- -.

A

geometry, the field of view could be as large as 2* i+ o~

n\_.'

these structures were viewed in the zenith. —
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The measured intensity modulations (contrast ratios) for
the OH airglow structures ranged between 20 and 40% with
intertferometer recorded periods of 14 minutes The
calculated standard deviation was typically 3%.

The mean calculated OH Meinel rotational temperature for
the aforementioned event was 165 °*K, The measured
modulations in rotational temperatures associated with
the changes in intensity ranged from 5-10 *K and are in
phase with the intensity modulations. Typical standard
deviations on the rotational temperature calculations
ranged from 2-7 °*K,. The mean temperature and magnitude
of the temperature fluctuations are consistent with both
IGW theory and previous mesospheric temperature
measurements.

The least-squares model used to extract band intensity
and rotational temperature provides a computational
efficient way (convergence to +inal values occurred
within 4 iterations of the +fitting routine) to
simultaneously derive these values,. The model also
provides a measure (atandard deviation) af how well the
data it a Boltzmann distribution.

The insight needed to identify what is being observed
from the airglow laver can only be provided by the
camera (or similar) video system. The measurement of OH
airglow structure events with the interferometer sy ystem

would not be possible without the simultaneous use o+
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the isocan camera, because with the interferometer el

alone, exactly what was being viewed would be unknown. bt

IR
7
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g
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A
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Recommendations for Future Research

"..".'.I
XK

The interferometer worked as designed and proved to be

G| XV

an excellent tool for this type of study. The model i}
developed for the extraction o+ rotational temperatures and ;ﬁi
intensities is an accurate technique and provides iﬁi
computational flexibility. However, several suggestions are }j?
made for consideration for future work. ;?ﬁ
1. The optical path within the interferometer is very ﬁiﬁ
complex. There are 20 optical surfaces through which. 35&
the incoming energy must pass before reaching the i¥G
detector. Assuming a typical loss of 4% per surface, i;£
80% of the incoming signal is lost before reaching the ;ig
detector. This complex optical path should be igi
RN

radesigned to minimize the number o0f optical elements
and optically coat the remaining elements to minimize
reflection loss.

2. The physical size of the instrument should be reduced to

o N R “p W-
Lt M A L,
l" , . - 1' .' N '-. B r
o I L R N S . .

R v, P 3

A A e Tl

facilitate portability to remote sites.

3. The instrument is very sensitive to optical alignment. &3;
.
The aptical components need to be mounted in a mare Eii
stable manner to hold their location better. Eig
494, The alignment is very sensitive to temperature. It is iﬁ;
necessary therefore to temperature control the Eij

;
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interferometer environment to preclude instrument
changes as the outside temperature fluctuates.

The telescope pointing system needs to be automated.
The sensitivity of a;ignment to physical motion as well
as the need to point the instrument to an area of
interest demand that the positioning of the system be
automated.

An infrared camera system, like the one provided by the
University of Sauthampton, needs to be permanently
incorporated as part of the interferometer system, The
interferometer cannot effectively gather data on airglow
structure if the location of the structure is not known
and the camera provides this input.

The instrument must be provided a better means of
calibration. The blackbady sources used in this study

give a reasonable indication of alignment and instrument

respanse but as the system alignment drifts the
calibration is less meaningful. Perhaps a technique
utilizing OH spectral line pair ratios which are

independent of rotational tempeﬁature but sensitive to
alignment could be used as a dynamic measure of
instrument alignment.

A recommendation is made to investigate other detectors,
in order to extend the ability of the interferometer,
with a wider spectral bandwidth and higher sensitivity.
The RCA detector used in this study is an excellent

detector where it is sensitive but is somewhat limited
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. in spectral bandwidth. A larger detector could also be Eff
P
used to increase the throughput, although the throughput 3
e S
RSAY
: is now almost limited by the size of the interferometer ug?
y ]
N . LS
b optics. X
] X >
?. A new data system should be developed to record the =
. interferomater data allowing for at least the -iﬁ
-, digitization of the data during recording. The analog n
) tapes are bulky and expensive but more importantly, ‘“

plaving back the tapes for data reduction is too time Ef;‘

consuming. ot

T
A
Y

K
» .' *
bio, o,

10. The calibration curves provided to the model derived

ij from occasional alignment processes with a tungsten

blackbody could be improved. As was mentioned earlier, RS

a dynamic calibratian using information inherent in the

o
[ I
tr e

spectrum could be used to better adjust the model to the

s
.
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instrument response.
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11. Examination of Figures 3-3 and 3-4 shows:-that the phase

"' P
o) o, 1, o8
e
‘l

correction used to eliminate the chromatic effects of

%
oy
‘s %y

the instrument on the data works well on the slowly

o e,
RV
ool

Liple

varying blackbody curve but the negative information on
the spectrum makes the technique suspect when applied to
the rapidly changing data. A phase correction technique
which operates in the interferogram "domain" where the
shaping could be done with simple multiplication could

prove to be more accurate.

KA N S R . < . e - e Tat - . B
RPN P S PRI T S G SR SR ST S SR .S e AT, LT N T P VR SR it St PO PRt P P TN VR
L PRI I IS A T U T T N A Sk R N N DRI RERI ST AR IO IR IPOP AL N R NI NN P R PEE L LY




125 e ]

12. The extraction of line amplitudes from the E§§
interferometer could be improved in two areas. First, ?:‘

the approximate locations of the spectral lines of EEE{

)

interest are found in a manual manner. A template using 3?&

a synthetic spectrum ccould be designed for each OH band

.'..J 3 ¥
Ay

0

and a correlation routine could be used to automatically
search the raw data for the location of the lines. ;;
Secondly, the apodization routine used to extract the !

actual line amplitude from the data should be modified

to calculate a line area rather than amplitude. The -

area routine would provide +for the averaging out o#f

noise whereas the amplitude routine always searches for s

the most positive peak.
13. The model should be modified to to use the 'Q" branches E,.

of the OH bands. To do this the molecular constants for

both Ql and 82 would need to be averaged as one because
the interferometer does not resolve the two groups.
This addition should add more accuracy to the model
because the @ branches are the largest lines within each L
band.

14. The model could be modified to include a third variable,
water column content, based on the several lines within
the OH bands which are severely affected by water

absorption. The model then could provide additional

information about the atmosphere.
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Appendix A

OH Transitions

This appendix briefly describes why the radiation <from
the OH molecule is s0 complex. The many spectral lines
generated by the excited radical are depicted in Figure 4-1.
The molecule rotates and vibrates simultaneously, and each
cf the motions are quantified and interactive.

The total molecular angular momentum without &lectronic
spin ﬁ is also quantized and is identified by the guantum

number K., The qQuantity z is comprised of twao parts

3 - 3
K =N+ A . (A. 1)

Y
The vector M is the nuclear angular momentum and the wvector

5

A is the angular momentum of the orbiting electron cloud

‘projected onto the internuclear axis. The quantum number A

associated with the electranic orbital momentum can take an
a value of +1 or -1 depending upon which way the electran
cloud is crbiting with respect ta the nuclear ratatiaon. The
double degeneracy of A leads to the so-called A splitting of
each state; however, the split is less than 1 cm-1 at low
rotatioral speeds [Baker 19781, which is less than the
instrument resolution used for this study, therefore the A-
split lines will be considered as oOne.

The guantum numter K can take on values K = 1,2,3,... .

The selection rulej however, is
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aK = 0, %1 . (A.2) e

P
’
[}

The collection of lines within each band, grouped according

Eyl'

te their respective 4K, are called branches. The branch X
o}
with AK = 0 is called the @ branch, that for aK = +1 is the
R brarch, and that for 4K = -1 is called the P branch.
The OH molecule has an odd number of electrans. This

imbalance results in a net electronic spin angular momentum

-
S and is represented by gquantum number S, The odd electron

gives rise to an even multiplicity 2S+¢1. Since the total -
number of electrons is odd, S is half integral (S =t1/2), éjg
each transition state is a doublet. It is saometimes 'fﬂ

convenient to caonsider the total electron angular momentum 3

as a separate entity. The total electraon angular momentum

is
> » 3> -
Q= A+ S . . (A.3) "
Therefore, each vibratian-rotaticn transition will split o
into two separate spectral lines according ta whether A=3/2 52:

or A=1/2. E;;

The OH molecule is very light and as a consegquence the

> .

odd electron spin S is only weakly coupled to the A

~ds

interriuclear axis. Ths maolecule is therefore, modeled as E.:
Hund’'s case (b) (Hertzberg 1%2711. The total molecular

argular mamentum 3 can nhow be formed

F =k + 3 . (A.4) B
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As can be seen from Equatiaon A.4, for each value of K there 'f;

g»e two values far 7J. Each branch of the OH spectra must ﬁly

. also take on two values. 1If 1=3/2, then o
t:': ::1:.:- :
L':: f -‘:\::
- J =K+ 1/2 = 1.9, 2.5, 3.5, ... . (A.3) L

5' These values for J lead to a set of spectral lines known as
23
- P.» 8, and R branches. If 0=1/2, then

J =K -~ 1/2 = 0-5; 1-5’ 2-5, LI . (A.6)

These values for J give rise to a set of spectral lines

and R_ branches. Additional information on

known as P2’ Qz, 2

the physics of OH molecule is readily available in the
literature, among them are Baker (19781, Hertzberg (19711,

and Mies (1974].
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Appendix B

RCA Limited Germanium Detector Specifications

Series TZ-7T1
™ 71

GERMANIUM PHOTODIODE PREAMPLIFIER SYSTEMS
For Detection of Radiation at Wavelengths from 0.8 — 1.7 Micrometers

TE-71
—NEP (1.42,10, 1) = 10 *WHz

™-T71

—~ NEP (1.42.500. 1) = 10" “ WHz '?
— Area 0.20cm-

— Cooled fo 77 K

- Responsivity 10 — 10° VW ~’

In order to achieve the good noise pertormance. 1t is necessary !0 ccol both the getecior anc ire pre-
amplifier. Dewar A 1s for liguid nitrogen coolant: tre hold tme s azout 10 hours, the we'GrRt s LIorox-
imately 3 pounds and the overall size i1s rougnty 9 cm ailameter oy 16 cm long. D=2war 3 s '2” .cud
nitregen, freon, CQO,, or any other convement coolant; tne ncid »me 'or higuid mirccen s arout 7
hours. weight 1s about 7 pounds.and the overall sizeisrougnly 11 cmaiameter by 21 Cm long. L ther
Dewar aliows thruput trom the side or bottom f specified.

Scecial optics The standard window (s guartz: alterent window matenal. scec 3 ' 'f¢s. OF COTCeNs.rg Jo1Cs Car e hited
srovided no substantial mechanical regdesign 1s necessary. The normat tieid ot view ICr tre getector 1S ¢ - .e 10 90:

If the customer gesires [0 operate the TRL.71 system at very hgn freguenc es. ! s C05S.0(@ 10 frage 2 e P 1or frequenrcy res-
sonse Qirer special features may be acded 1o these gevelotmental sysiems Tre reCcessafy changes can te made lor a
smMail adaitional cost. '
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Intarmanor turmisned cy RCA 4 bDevaved 10 ta acCulale ard oD@ Trese ceve
mieAver £O (BSDOrA Mty % A8Sumeg by =LA ety u.e A0 1Y any atLn e
rir AZEPAnIS OF DUIAALS QF FIR@E PRIY GF TP D Dt Y PR MY TR LT Y
195 1Y use PO 1CRNeE .3 GrANIEQ by MONCALUN OF 77 @IWIsE UNARY any (VI L PN
Late~r of patent rnghts of RCA
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T FCA Limted — Research Laboratones
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Teiepngne (514 453-35000
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Figure B-1. Typical detectaor spectral response.

TABLE B-1. Germanium detector technical data.

Operating Temperature

Noise equivalent powaer
(guaranteed) WHz - -

Best noise equivalent power
{achieved in the past) WHz - ¢

Noise ievel (at output)
Impedancae ievel (at output)
Responsivily v w

tinear range for power w

Useable limit {(power) w

istic
Delector area (circular) cm-

Operating voits {typical) v

777K

NEP (1.42.10.1) =110

NEP (1.42.23.1)=1x10

0.2

-10

TrA Series 71

7K

NEP(1.32.500.1) = 1210 -

NEP(1.42,1000.1) = 310

~10.V

~50¢

~5n10°

1¢ ° - 10

~2x10 °

flat, 3¢B at 500 Hz
Q.2

- 10, 10
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Appendix C

Interferometer Data Catalog

The interferometer data for aobservations taken on June
13-195, 1983 are contained within this appendix in their
entirety. All data presented were recorded at Sacramento
Peak, New Mexico. The figures are all organized
chronclogically beginning aoan day 165 at 3I:30 hrs, uUutT and
proceeding through day 166, 10:1%S hrs. UT.

Both o+ the observation days’ records begin with the
interferometer viewing in the zenith. At moonset on day 166
the interferometer and camera systems were lowered ta view
near the horizon. The low elevation viewing period during
day 166 is divided into three time frames, corresponding to
when the interferometer was adjusted in viewing location.
The time period and viewing position are identified in each
figure caption.

Within each time segment of the data presentation, the
figures are organized according tao the OH Meinel band +¢rom
which the data were calculated. First is the OH (4,2) band,
second the OH (3,1), third the OHd (8,5) band, and fourth the
oH (7,4) band. Each o0of the band groups shows curves for
first the intensity, second the rotational temperature, and
third the smoothed rotational temperature calculation with

the associated standard deviation for each.
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SACRAMENTO PEAK DAY 46St¢ JUNE 13-14, 83
NEW MEXICO OH BAND (4-2)
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- Figure C-3. O4 (4,2) band smoothed rotatiaonal temperature
and standard deviation, viewing angle = zenith, day 165,
- 3:30-7:30 hrs. UT.
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Figure C-3. OH (3, 1) band rotational temperature and

standard deviation, viewing angle = zenith, day 165, 3:30-~
7:30 hrs. UT.
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Figure C-6. OH (3,1) band smoothed ratatiaonal temperature T
and standard deviation, viewing angle = zenith, day 165, SRR
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Figure C-27, oH (8,3) band radiance and standard deviation,
viewing angle = zenith, day 165, 3:30-2:!30 hrs. UT.
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Figure C-13. OH (4,2) band radiance and standard deviation,
viewing angle = zenith, day 166, 3:30-6:45 hrs. UT.
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Figure C-14. oH (4,2) band rotational temperature and
standard deviation, viewing angle = zenith, day 166, 3:30-
4:435 hrs. UT.
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Figure C-185. OH (4,2) band smoothed rotational temperature
standard deviation, viewing angle = zenith, day 166,
3:30-6:4% hra., UT.
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Figure C-16. OH (3,1) band radiance and standard deviation,
viewing angle = zenith, day 166, 3:30-6:45 hrs. UT.
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Figure C-18. OH (3,1) band smoothed rotational temperature
and standard deviation, viewing angle = zenith, day 166,
3:30-6:4% hrs. UT.
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Figure C-19. OH (8,5S) band radiance and standard deviation,
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day 166, 3:30-6:4%5 hrs. UT.
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Figure C-20. OH (8,5) band rotational temperature and
standard deviation, viewing angle = zenith, day 166, 3:30-
6:45% hrs. UT.
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Figure €-21. OH (8,5) band smoothed rotational temperature
and astandard deviation, viewing angle = zenith, day 166,
3:30-4:4%5 hrs., UT.
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Figure C-22. OH (7,4) band radiance and standard deviation,
viewing angle = zenith, day 166, 3:30-6:45 hrs. UT.
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Figure C-293, OH (4,2) band relative intensity and standard
deviation, viewing angle = 17¢* El. 328* Az., day 166, 7:30-
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8:30 hrs. UT.
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Figure C-32. OH (8,%5) band rotational temperature and
standard deviation, viewing angle = i7?° El. 328%* Az., day
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OH (8,5) band relative intensity and standard
viewing angle = 15.3* El. 340°* Az., day 166,
8:30-9:15 hrs. UT.
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Figure C-495, OH (8,5) band amoothed rotational temperature
and standard deviation, viewing angle = 1S5.3%* El. 340* Az.,
day 166, 8:30-9:13 hrs. UT.
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Figure C-47. OH (7,4) band rotational temperature and e
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Figure C-49. OH (4,2) band relative intensity and standard
deviation, viewing angle = 15.95° El. 309* Az., day 166,
9:15-10:15 hrs. UT.
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Figure C-30. OoH (4,2) band rotational temperature and
. standard deviation, viewing angle = 135.5* El. 309* Az., day
2 166, 9:15-10:1% hrs. UT.
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Figure C-S1. OH (4,2) band smoothed rotational temperature
and standard deviation, viewing angle = 15.35* El. 309* Az.,
day 166, 9:138-10:13 hrs. UT.
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! Figure C-54., OH (3,1) band smoothed rotational temperature
and standard deviation, viewing angle = 13.3* El1. 30%9* Az.,
day 166, 9:15-10:15 hrs. UT.
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Figure C-346. OH (8,3) band rotational temperature and
standard deviation, viewing angle = 13,.5* E]. 309* Az., day
166, 9:135-10:15 hrs. UT.
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Figure C-37. OH (8,5) band smoothed rotational temperature
and standard deviation, viewing angle = 15.35* El. 30%9* Az.,
day 166, 9:15-10:18 hrs. UT.
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Figure C-58. OH (?,4) band relative intensity and standard E_
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Figure C-%9. OH (7,4) band rotational temperature and
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deviation, viewing angle = 15.5* El. 309* Az., day
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Appendix D
Computer Programs

FORTRAN IV FROGRANM
FORTRAN IV PRGGRAM
FILE NRME = DRLTIND

WRITTEN BY PARRIZ NEAL
TAK STATE UNIVERSITY JUNE 26,1984

PROGRAM 70 CALCULATE THE ROTATIONAL TEMPERATURES
USING UH SPECTRAL DRTA

DATA FOR INSTRUMENT RESPCNZE AND MOLECULAR CONITANTE
ARE GENERATED BY PROGRAMZ “BBANP & BRCT & DTAIPT”

DATA FGR OKW ZPECTRAL LIHNE ZTRENGTHE
ARE GENERATED RY PRUGRAM "LINAMP”

SUBROUTINES UZED ARE:
GNESCL ~ SCALEZ LINE ZSTRENGTH DATA FOR FFT & POST AMP GAIH
MDLNM - CALCULATES NORMALIZING FACTGR FCGR BOLTINAN MUDEL
BLDR - BUILDS ARRAY "R’ FOR LERST SAUARE FITTING ROUTIA
DA - BUILDE ARRAY "R’ FOR LERET SQAUARE FITTING ROUTIM
ASCALE- CSCALEZ UVECTORI IN ARRAY “RT FOR UNIT LENGTH
WFTI =~ LEARST SGUARE FITTING RGUTINE
Hi1z - UZED By HFTI
DIFF - USED BY HFTI
NFIT ~ ARRAY SHONING WHICH LINES USED T FIT MODEL
NOIZE - CALCULATES ZTANDARD DEVIARTIGN UGF INTENSITY & TEk

DINMENSION RLRE(60 ! . XLS5TR(Q ) JSCLAZ) H(2),5(2).
2 RNGRMC2) .31 14),B(i4),AC14,2),RICI4) . IRDTRCIQI FITCIS)

[
DOUBLE PRECISION HAUNCEO) .F(BQ) . C(60) ER(INY .CR(CIZ) EM,
i ANM,DF
c
INTEGER IFPCI)
c
CHwn REMIND GF /70 FILE UGNIT AISEIGNMENTES
c
Do 15 I1=1.:5
WRITE(K 24
10 FORMATC" *)
15 CUONTINUE
NRITE(4.2¢)
20 FORMATC" INPUT INZSTRUMENT RESPOISE DATA UNIT 5 72
WRITEC4,30)
30 FORMATC" INPUT FFT LINE AMPLITUDE DATA UNIT 6 ™
WRITECS, 40
£0 FORMATC® GUTPUT TEMPERARTURE FIL UNIT T ™%

0@ 50 I1=7,i0
WRITECH. 10
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FUGRTRAN IV PROGRAM
0 CONTINUE
Conwn READ IN TOTAL NUMBER OF LINEZ FRON INZT REZ FILE

RERDCS, 200)1ITL
200 FORNART(16)

Cwww READ IN MOLECULAR CONSTANTS AND RELATIVE RESPOSE
0 110 I=2,1ITL
READ(S.I20)MAUNCI) ,RLRSCI) FCIN, LT

120 FORMAT{R15.6.£E15.6.R12.6.025.3)

170 SONTINUE

Cwww PEAD IN TOTAL HUMBER GF FRAMES FROM LINE AMP FILE

READ(S . 100)IFNE
WRITECT . 208)IFNS

208 FORMAT(I4)
g [+
71 Cews REGIN TO PROCESS EACH FRAME GF DATA IN TURN
7 c
73 DO 9000 IF=xl,1FHNS
74 C
75 Cwww RERD IN HERDER INFO
7o €
77 20 200 JF=x1.20
Té READC(G, 200)IHDTACIF)
h 200 CONTINUE
2 [
Crns REARD IN LINE AMPLITUDES
c
DO 210 GF=i.1TL
FEADCC 220N XLETRCJIF )
250 FIRMAT(FI0,.2,£25.0)
LI CONTINUE
I
WRITECH.60VIHDTACI)Y  INDTACZ)
60 FORMAT(’ FRAME °,13,"-".13,° KHA3S BEEN READ’)
c
Crnn SCALE LINE ANPLITUDE DATA FUR FFT & POST AMP GAINZ
[+
IFFT=IKDTACR)
IGN=THUTA(20)
CALL GNSCLCIFFT,IGN,ITL,ALETR)
c
Cwawn SET UP INITIAL VALUES FOaR PROCESS ..
< R
MDATI4 e
MDR=7 4
r
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i02
202
; 103
104
i08
106
107
108
109
i10
A 222
' 1i2
- 113
. 14
o 215
116
217
118

- 123

126
- 127
. oz

. 229

. 130
. 137

132

133

134

: 135
- 3e
- 137
o 138
o ® 139
- 140

; 141

2142
143
oy 144
- 145
= 196
- 147

p ’ 149
150

FORTRAN IV PRUIGRAM

Cwow

225

Crwn

Conn

Cwnn

2000

HEK=1,4335
TAU=0,5

]
1]

WRITE FRAME TIME TO DISK FILE

WRITE(T 228X IKWDTAC2) . IHDTAR4),IADTACS) ,IKDTAR(6) ,IHDTAR(T)
FORMAT(S14)

SET UP FOR +4-Z BAND

IBND=2
DF=F(5)
IRGN=1
IEND=22

FILL RRRAY “FIT' Tu INDICATE WHICH DATA FPOINTS TO USE IN FIT

Ma=6

DO 230 IT=1,:4
FITCIT)=0.0
CONTINUE
FITC1)=1.0
FIT(3)=:.0
FIT(S)=1.0
FIT<(2)=1.0
FIT($)=2.0
FIT(S)=2.0

WUMBER OF DATA PLINTS IN FIT = "MQ”
GG TG 5000
SET UP FOR 3-1 RAND

IEND=3
DF=FC1IT.
IBGN=:13
IEND=2¢
§07T0 5000

&8-S5 BAND

1BND=4
DF=F(3L)
IBGN=2S
IEND=38
NQa<4
FI1T¢(21)%0.0
FIT¢2)=0.0
FIT(3)=0.0
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c FGRTRAN U PRIGRAM
i1 FIT(#)=0,0
P FITCT)=2,0
153 FIT ar=1.0 )
154 64Te 85000
155 ¢
15 € 7~ BAND
157 €
158 <000 IBND=S
159 DF=(45)
' 160 IBGN=39
1¢1 IEND=52
162 ma=212
53 FIT(1)=s2,0
Py FITC2Y=7.0Q
ie& FIT(31=2.0
P FITi¥)=2.0
167 FIT(10)=2,0
162 FITC12222,0
o9 FITC(23)=22.0
170 FITCI4)=1,
72 60TCG $000
7z ¢
173 9000 CONTINUE
iT 60 TO 210000
4 7 5 [ F2 222 L D FHFTFTERELEYEE LN P WY e Yy ey
7o C TEMPERATURE CALCULATION
177 C
173 $§000 TO=290.0
irT9 BRO=xHCK/TO
130 MxIEND-IRGN+1
182 N=2
22 NR=1
1¢3 ANN=0 ., 0
134 A0=0.0
125 KRANK=0
156 €
187 Cwww FILL RRRAYZ MITH RAND DATA
28% C
159 Ki=1
190 DG 300 Ja=s]IBGN,IEND
197 ER(KII=F(JG)=DF
192 CRCRJI)=C(JTi)
2193 RICKJII=RLRE(JQ)
194 DICRII=XLSTRCIQ)
195 KJ=KJdv»1
295 300 CONTINUE
197 €
198  Cwws CALCULATE ARRAYS ’"R® AND *R° FOR LERST ZZURARE FIT T FIND
199 Crww INITIAL RAND INTENSZITY *RO"
200 ¢
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FGRTRAN 14 PROGRAM

202 CALL MDLNM(EBR,CEZ.MDA.M.ANM.50)
. X0z CALL BLZB(DI,MDA.M.R0.ANM,EB.CB.R1.BO,B)
.. 203 CALL NFIT(R.MDA N, FIT, 1)
- 204 CALL BLDA<A.MDA.M.AQ.R1,ER,CB.ANN.FO)
.. 205 CALL NFITCA.MDA.M.FIT,2)
- 206 CALL ASCALECA,NDA,M,N.5CL)
2007 € .
208 N=Z
209 CALL HFTICA.MDA.N.N.B,MDE,NE.TAU .KRAKK .RNORN . H.6,1P)
210 AO=BC211/5CLC1)
211 BO=HCK/TO
N 21z N=2
N 213 ¢
: 214 Cwww BEGIN ITERATION TC SGLVE FOR TEMPERATURE AND IMTEHSITY
. 25 ¢
Iln DO 350 ILOP=1.50 .
2:7 CALL MDLNM(ER.CR3.MDA.M.ANM BO
218 CALL BLDBCDI,MDA,N.A0,ANM,ER,CE,RI,R0.B)
219 CALL NFIT(B,MDA.M.FIT,1)
220 CALL BLDACA.MDA.N,AO0.R],ER.CB.ANK.BO)
227 CALL NFITCA MDA, M,FIT.2)
& 222 ¢
< 223 CALL ASCALE(A,MDA, M, N.SCL)
, 224 €
225 CALL HFTICA.MDA.M,N,B.NDB,NB,TAU.KRANK ,RNORM .H,G,1P)
226 €
227 Cwew TEST FOR CONVERGENCE OF TEMPERATURE
228 €
ﬁ: 279 PI=BC1)/3CLCI)+A0
- 30 Bi=R(2)/5CL(2)+B0O
& 231 TEMPOSHCK/FO
-, 32 TEMPi=HCK/B1
- 233 AC=A1
o34 BO=BZ
235 ¢C
234 IFCARSCTEMPO-TEMPL) L LE.O.5, 665 TG 370
- 37 350 CONTINUE
; 23a 370 CONTINUE
- 23¢ ¢
240 IFCKRANK.EG.MG) GOTO 993
241 CALL NGISECA,MDA.M.N.RNORM KRANK .MQ,SCL .HCK.RO.3DA.SDT)
242 €
243 Cwwnr NRITE OUT DATA TO FILE UNIT 7
: 244 C
- 245 993 WRITECT . 295)ILOP . RO, SDA.TEMPL.3DT
< 46 995 FORMAT(I 4. 4E25.6)
2 247 IFCIBND.EG.2)6GTD 2000
) P r IFCIBNDLEG.3)6GTG 3000
sS4 IFCIBND.EG. 4)60TH 4000
250 IFCIBND EQ.5180TO <000
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< FORTRAN 1V FROGRAM
851 10000 END
z82
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' ¢ FGRTRAN TV SUSRGUTINE Ayt
) V1N
| ! < FORTRAN 1V ZUBROUTINE -
. z €
. 5 C FILE NAME = GNSCL
4
5 ¢ WRITTEN BY PARRIZ NEAL
é C UTAN STATE UNIVERSITY  JUNE 26,1934
. 7T C
: 3 ¢ SUBROUTINE SCALES DATA FOR FFT GAIN AND POST ANP GARIN
9 C _
I : 10 SUBRDUTINE GNSCLCIFFT.IGN.ITL, XLETR)
. 11 ¢
. 12 DIMENSIGN XLBTR(E0)
. i3 ¢
. 4 < SCALE E0R FFT GAIN
- 5 ¢
. 18 5L=0.0
I Fod IFCIFFT.EG.9) 8L=1.0
18 IFCIFFT.EG.3) SL=0.5
. 19 IFCIFFT.EG.T) 5L=0.25
; 20 IFCIFFT.E3.2008L=2.0
N 21 Do 100 I=1.1TL
. 22 KLSTRCII=XL3TRCIDI#5L
N 23 100 CONTINUE
H 24 C
| 25 ¢ SCALE FUR POST ANP GAIN
| 26 €
- 7 3.=0.0 N
. 23 IFCIGN.EG.5) 5L=4.0 RO
- 20 IF(16N.Ed.1025L=2.0 KRS
: 30 IFCIGN EG.2005L=1.0 ey
N 31 IF(IBN.EU.S0IEL=0.4 iy
. 32 TFCIGN.EQ.200)5L %0, e
33 Do 200 1:1.1TL A
l 34 ALSTRCII=XLETRCID#SL
. 35 200 CONTINUE
by EO
. 3 RETURM
N 33 END
] 30
.
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c . FORTRAN 1V ZUBRGUTINE

FOGRTRAN IV SURROUTINE

ke

FILE NAME = MDLNM

ARITTEN BY PARRIS NEAL
UTAH ZTATE UNIVERSITY JUNE 20.1934

SUBROUTINE CALCULATES THE NORMALIZING FACTOR FOR THE BOLTIMAN
TENPERATURE MODEL

LW ™NO WLy Lt
a0

C R v O s - " m——— v v e - -

20
12 SUBROUTINE MDLNM(EB,CR.NDA.M,ANNM.BO)
12 ¢
23 DOURLE PRECISIGN EBCMDA),CB(NMDA) .ANM.DEXP
14 ANM=0.0
5 D3 200 Isi.M

‘ i ANM=ANM+(CB(I1)#DEXP(~ER(II*B0))

. 7 200 CONTINUE :

l 12 RETURN

. 19 END
20
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FORTRAN TV JURRGUTINE

FURTRAN IV SURROUTINE
FILE NAME = BLDF

HRITTEN RY PARRIS NEAL
UTAW STATE UNIVERSITY JUNE Z¢.29R4

SUBROUTINE BUILDS THE ARRAY “RBR” FOR BOLTIMAN MODEL
LEAST SQUARE FITTING RCUTINE

SUBROUTINE BLDB(DI.MDA.M.RO.ANM.ER.CR,RI.BO.?)

DIMENSION RICMDA),BICHDR), RIMDA)
DOUBLE PRECIZION EB(MDR).CR¢MDA) .DEXP

B¢ 100 I=1.M
AMOD=(RAO*RI(IDIRCRIIIRCDEXP(~EB(II#RO)) ) /ANN
B{Iy=DIcI)=-AM0OD

CONTIKUE

RETURN

END
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c FGRTRAN IV SUBRGUTINE
FE FORTRAN 14 SUBRROUTINE
> ¢

3 3 2 FILE NAME = 3LDA
. 4+ C
" 5 ¢ HRITTEN BY PARRIS NEAL
- o ¢ UTAH STATE UNIVERSITY  JUNE 26,1984
- 7 C
N 3 C SUBROUTINE BUILDS ARRAY “A“ F3R BOLTIMAN NODEL
' ¢ C DATA IS5 USED AS PART GF THE INF(O FOR LEAST SQUARE DATA FITTING

200 ¢
E 12 SUBROUTINE BLDACA.MDA.M.RO . RI.EB.CR,ANM.RO)
v iz ¢
: i3 DIMENSION ACMDA.2) ,RICHDA)
- 14 DOUBLE PRECISIGN EBHDAY,CB(MDA) 5N, DEXP
- s <
" in SH=0.0
I F DG 100 I= .M
" 13 SMESMACCR(IIRERCID)#(DEXP(~EBC(II*#BO)Y 1)
" ¢ 100 CaONTINUE
. P
- 22 ANN2=ANM*ANN
- 22 DO 200 I=<I.N
- 23 TM=RICI)*CEB(II*EXP(-ERCII*R0)
- o4 ACI,21)=TH/BNN
B 25 TI=CAO*TN) /ANNZ

e TL=SHM-CEBCTI#ANM)
- a7 ACL.2)=TI*T2
.~ iz 00 CONTINUE
- v ¢
- 30 RETURN
; 37 END
- 3z
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) ) FORTRAN IU SUBROUTINE
i < FGRTRAN [V SURRGUTINE
z ¢
J 3 ¢ FILE NAME = ASCALE
. 4 C
~ s C WRITTEN BY PARRIS NEAL
- s C UTAH STATE UNIVERSITY JUNE 26,1984
- roC
~ 8 C SURRQUTINE NORMALIZES THE VECTUIRS IN THE ARRAY "A”
i ¢ C THE 3CALING FACTZR I3 RETURNED IN ARRAY 35CL(I)
0 ¢
- i1 SUBROUTINE ASCALE<A.MUOA.M,N.3CL)
. 1z ¢
[ 3 DIMENSION ACMDA.Y),5CLEND
4 C
. 15 DOUBLE PRECISION M. DSART
. le C
by 1 DO 2100 I=1.H
18 SM=0,0
19 poo120 J=1.M
20 SMESMECACT . II*ACT,LI))
N 27 120 CONTINUE
- oo SCLCTY=DSGRT(EM)
A 23 100 CONTINUE
: 2¢ C
25 ¢ SCALE ARRAY A BY THE SCALE FACTORS SCL(M)
26 ¢C
- a7 DO 200 1=z,
- 2 Do 210 J=1,M
- 2 IFCSCLCTY LT 2. 06=-200 600 T 208
s 30 ACT.1)=ACT, IV/5CLCT)
. 31 80 TOo 210
. 32 208 AT .1)70,0
- 33 210 CONTINUE
3¢ 200 CUNTINUE
- 35 RETURN
3o END
s 37
il
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>, ¢ FORTAN IV PROIGRAM
FD FLRATAN 1U PROGRANM
s C
5 C FILE NAME = HFTI
s C
S SUBROUTINE HFTI (A.MDA,M.N.B.MDB,NB, TRU,KRANK ,ARNORM . H.G.1P)
s C
A Col .LANSUN AND R.JI.HANSON. JET PROPULSION LQFURQTU?Y, 2973 JUN 12
3 C TO APPEAR IN "SULVING LEAST SQRURREL PRGBLENET ., PRENTICE-HALL, 197
. ¢ C SOLVE LEAST SQUARRES PROBLEM USING ALGORITHM, HFTI
10 C
12 DIMENSION ACMDA.N),SCHMDE.NR) ., H(N) . G(N) RNORM(NE)
1z INTEGER IPCN)
i3 DOURLE PRECISION =M. .DZIERG,.DBLE
24 SZERG=0.
5 DIERO=0.T0
P FACTOR=0.007
7
13 A=0
19 LDIRG=MINO(M .N?
20 IF (LDIAG.LE.O) 60 TO U7
27 Do 50 J=;.LDI1IA6
22 IF (J.EQ.1) GO To 20
23 C
24 C UPDATE ZQUARED COLUMN LENGTHS AND FIND LNARX
>5 €
-8 LMRA=T
a7 oo 10 L=Jd,N
23 HOLISHCL)=ACT=1, L) %%7
2¢ IF (HCL).GT.H(LMAK)) LMAX=L
30 20 CONTINUE
31 IF(DIFFCHMANAFRCTOREKH(LIMALR) .HMAX) ) 20.20,50
32 €
33 C COMPUTE SQAUARRED COLUMN LENGTHS AND FIND L#MAX
3+ C
35 x0 LMAX=T
3o DO 40 L=J.N
37 H¢L)=0.
33 DO 3¢ I=Jd.HM
3 30 HCLI=HCL)#R(T L dww2
40 IF (HCL).GT.HCLMAXY) LMARX=L
41 40 CONTINUE
4z HMAX=H(LMAX )
43 C
44 C LMAX HAS BEEN DETERMINED
45 C
45 £ Do COLUMN INTERCHANGES 1F NEEDED
7 C
#: 50 CONTINUE
LA IP(CI Y=L HAN
20 IF (IP(JIY.EG.LIY G TO TO
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c FORTAN IV PRLGRAM y
s W 60 Is2,M
24 TMP=ACI,J)
53 ACT,J)=ACT,LMAX)
- 54 30 ACI.LMRKY=TMF
. 55 HCLMAX)=HCT)
. S5¢ C
- ¢ COMPUTE THE J-TH TANSFORMATION AND APPLY IT TO A AND B.
s 58 ¢
: 59 7o CALL HI2 (2,J,0%L,M,ACL.J),1,HCT),AC2,0»8).2.8DR,N-T2
<0 30 CALL HiIZ (2,7, J*1, M. AC1,7),2,H(J),R.1,MDR,.NR)
w2 ¢
w2 ¢ DETERMINE THE PSEUDORANK, K. USING THE TOLERANCE. TAU.
- o3 C
. o4 D0 20 J=1,LDIRG
.- o5 IF CARS(ACILIIILLE.TRUY GG TG 100
N . 29 CONTINUE
o K=LTDIARG
o 60 T0 10
- 6% 100 K=d-1
: 7 110 kPi=K+1
) r1 ¢
72 € COMPUTE THE NORMZ OF THE RESIDURL VECTORS.
- 73 C
< 74 IF {NB.LE.Q) 60 T0O 140
y -} DO 130 JB=!,NR
Té TMPx3ZERD
e i IF (KP1.GT.M) GO Ta 130
g T Do 2120 I=KPi,N
-~ Te 120 THMP=2THP+R(1I,JR)#NZ
' &0 230 RANGRMCJIBI=SGRTC TP )
-~ 31 140 CONTINUE
\: 22 ¢ SPECIAL FOR PIEUDARANK = 0
™ a3 IF (K.37.0) 64 TG is0
&4 IF (NB.LE.O) 60 T 270
o 25 DO 50 JR=1,NF
- Fi Z 1850 I=1.N
o~ e 150 DI JRISZIERO
o &z G0 TO 270
g (A
_: 90 ¢ IF THE PZEUDORANK 13 LEZSS THAN N CiMPUTE HWGUSEHOLDER
" ¢ C DECOMPOSITION OF FIRET K RGNS
92 ¢
w3 1560 IF (K.EG.N)Y 60 TO 1580
A ad DO 170 I1I=2,K
@5 l=KkpP1-11
96 170 CALL H12 ¢21,I,KP!,N.,ACI,2).MDR.6(1),A.ADAR,1,1-1)
:3 ar 80 CONTINUE
. 22 C
.. we 0
bt 100 IF (HR.LE.D) GO T 270
o
[
o
L
P
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e e e e e e e e e e e T T
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Iy FORTAN 1V PRLGRAN
02 23 2e0 JR=1.NB
002 €
103 € JGLVE THE K BY K TRIARNGULAR ZYSTEM
04 €
105 QG 110 L=l,K
106 SM=DZERQ
107 1=KPZ1-L
1708 1F (1.E@.K) 6O TO 200
R 109 I1pt=1+2
110 DO 190 J=1P2,K
117 190 SMaSMrACI ,J)WDBLE(R(JI,JR))
112 200 SM2I=EN
113 210 R(I1.JB)=(R(I .JB)-5MI>/ACI.1)
124 C
15 C COMPLETE COMPUTATION GF ZGLUTIGN VECTOR
1i6 C
i17 IF (K. EG.N) 60 To 240
115 20 220 J=KPI1,N
119 220 B(J,JB)=SIERO
120 Do 230 1=1.K
122 230 CALL H2Z (2.1,RPI,N,ACLl,2).MDR.5¢1)>,B¢1.JB),.2,MEB,2)
122 €
123 € RE-ORDER THE SCGLUTION UVECTOR T COMPENSATE FOR THE
12¢4¢ C COLUMN INTERCHANGES.
125 ¢
126 230 RO 250 JI=:.LDIRE
127 J=LDIAG+1-JJ
2& IF (IPCJII. EQ.T) U TO 250
o9 L=IPCJ)
130 TMP=B(L ,JR)
131 B(L.JR)=B(J.JB)
i32 B(J.JB)=THP
133 250 CONTINUE
134 260 CUNTINUE
& ¢
13¢ € THE SGLUTION VECTORZ. X, ARE NON
137 ¢ IN THE FIRST N RONZ OF THE RRRAY R(,).
i3z €
i3# 270 KRANK =K
140 RETURN
141 END
142
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FOGRTRAN 1V PRGGRAM
FORTRAN IV PROSGRANM
FILE NRME = K1

SUBRQUTINE Hii (MODE.LPIVAT.LI.M,U,IUE UP.C.ICE,ICV.NCU)

C.L.LANSGN AND R.J.HANSON. JET PROPULZIGN LABORATGRY. .[9T35 JUN

TO APPERR IN *SOLVING LEAST SGQURRES PROBLEMS' . PRENTICE-HALL

CONSTRUCTIGN AND/GR APPLICATION OF A SINGELE
HOUSEHOLDER TRANSFORMATION.. = [ + UwciiasT3/R

MODE =7 OR 2 TO SELECT ALGURITHM HI GR H:
LPIUOT IS5 THE INDEX iF THE PIVOT ELEMENT.
L1, W IF L: .L&€. M THE TRANGFORMATION WILL RE CUONZTAUZTED 7
ZERQ ELEMENTS INDEXED FRCM LI THRGUGH M. IF L: .o67.
THE CUBROGUTINE TOES AN INDENTITY TRANSFUGRMATIGH.
U IVE . UP SN ENTRY T HI Uc) CONTARINS THE PlUGT VECTCR.
JUE 135 THE STORAGE INCREMENT BETNEEN ELEMENTS.
ON EXIT FRON HI UC) AND UP

216

ia

P I

)
o

CONTARIN QUANTITIES DEFINING THE VECTUR U OF THE

HOUSEHOLDER TRANSFORMATIGN. OGN ENTRY TQ K2 U

s

AND UP SHOULD COGNTAIN QUANTITIES PREVIOUILY CMPUTE

BY W1, THESE WILL NOT BE MODFIED BY H:.

co ON ENTRY TO H1 GR H2 C() CONTRINS R MATRIX WMICH NILL BE
REGARDED AS A SET (1F VECTORE Ty KMHICH THE ROUSEMULDER
TRANSFORMATION 15 TO BE APPLIED. ON EXIT CC) CONTRINS Té

SET 0OF TRANSFIRMED VECTAORS.

ICE STORAGE INCREMENT BRETHMEEN ELENMENTS 4F VECTORS IN CO)
Y STORARGE INCREMENT RETHWEEN UVECTORS IN C.).
NCU NUMBER (1F VECTGRE IN C() Tt BE TRANSFGRMED. IF HCU

NO DBERATIONS WILL RE DOUNE ON C().

SUBRGUTINE HiZ (MODE,LPIVOT.L2. M. U.IUE UP,C.ICE.ICY. . HCV!
DINENSION UCIVE M), CC(: 0

DOURLE PRECISICN &SM.2.0RLE

OUNE=1.

IF (Q.GE.LPIVOT,ORLRIVGT GE.LI.GR.L:.EGT. M) KETURN
CLeABRSCUC:  LPIVAT)Y)
IF (MODE.EQ.Z) 60 To o0

wudwd® CONSTRUCT THE TRANSFORMATION #ewaws
DO 10 J=L1.N
CL=AMAXI(ABS(UCZ,d)),LCL)
IF (CL)> 230.:30,20
CLINUSUNE/CL
SH=(DBLECUCI ,LPIVOT)Y)#CLINU Y ##]
20 30 J=Li.M
EMESMACDBLECUCS I IRCLING ywwl

CONVERT DRLE. PREC. 5M TO ZNGL. PREC. 2mM:

EMI=EM

SLE.
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FIIRTRAN T4 PRUGRAM

CL=CL#SART5M2

IF (UCZLPIVGTY) 50,850,440
CL==CL

UP=UCI LPIVATI-CL
UCZ.LPIVOT (L

60 70 7O

weoerw APPLY THE TRANSFORMATION I+lUxclUn®T)/R

IF (CL)Y 130.:30.70
IF (NCU.LE.C) RETURN
B=DBLECUPI®U L. LPIUNT)
B MUST BE NOGNPOSITIVE HERE.

IF (B) £Q0,130.130
S=ONE/R

1282 JCUSICER(LPIVOT-2)
INCR=ICE=CLI-LPIVOT)

DO 120 J=[.NCV
12=I2+ICV

13=12+INCR

14213

SMsC(IZ)#DBRLECUP)

DO 90 I=L1,M
SN=SM+CCISI)#DBLECUCE, I

13#13+1ICE

CONTINUE

IF (5M) 200,120,100
SM=SM#R

CCIZI)=C(I2)~SMRDELECUP)

20 110 I=Li.M
C(I47=C(14)+SM*DRLECUCI. I
I14=]4+1CE

CONTINUE

CONTINUE

RETURN

END

IF E=0Q.,

7O C wewsss

RETURN
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FIRTRAN IV FUNCTIGN

IO

FORTRAN iV FUNCTION

a

FILE NAME = DIFF N

g

FUNCTION DIFFCX.Y :

S

C.L. LANSON AND R.J. HANSON, JET PROPULSION LABRATORY, 7 JUN 1973
TO APPERR IN "SOLVING LEARSY ZQUARES PRGELEMNS", PRENTICE-HALL 197+

TR I LI W YV
anaon afhnc

)

10 DIFF=x-Y
RETURN
1z END
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TORTRAN IU ZUBRGUTINE
FIRTRAN 1V SUBROUTINE
FILE NAME = NFIT

WRITTEN RY PARRIS NEAL
TAH ZTATE UNIVERSITY JUNE 29,1934

SUBROUTINE TAKES ARRAY "R’ AND MULTPLIES EACH ROW RY
THE CORRESPONDING VALUE IN ARRARY *NFIT’

SUBRQUTINE NFITCA.MDA.M.FIT.N)
TIMENSION ACHDA.N) .FITCMDA)

30 10C¢ I=x1.N

Do ;10 J=x1 .M .
R(J. I =FIT(JIRACT.I)
CONTINUE

CONTINUE

RETURN

END
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FORTRAN IV ZUBROUTINE

i C FORTRAN TU SURROUTINE
v o~
3 c FILE NAME = NOIZE
L
5 C WRITTEN BY PARRIS NEAL
e C UTRH STATE UNIVERSITY JUNE 29, 1984
T C :
& ¢ SUBROUTINE TAKES RESIDUE FROM LEAST SQUARE FITTING ROUTINE
A "HFTI® AND CALCULATES THE STANDARD DEUVIUVATION OF THE
io ¢ BAND INTENSITY “R” AND THE TEMPERATURE “T*
i1 C
12 SUBROUTINE NOIZECR.MDA.M.N,RNORM .KRANK .MQ,5CL ,HCK,BO,SDA,.SOT)
35 C
4 DIMENSION ACMDAR.N)Y .SCLCND)
25 ¢
1o VARNS CRNGRMw#2) / ( MA~KRANK )
T UNRE(((AC2.2)%82)+ (AL, 2)0#2))/(ACI.2)I#RCZ.2))enl))BUARRN
13 SDR=(SART(UNRII/ECLC )
19 SDB=(SARTC(UVRRN/CR(Z,2)wa2))I/ECL(LZ)
20 SDT=x(SDR#HCK )/ (ROw#Z)
22 RETUAN
22 END
23
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FORTRAN IV PROGRAM

OGO OOAOO0O000NGaO0O000 0006080060

Cunne

a0

[ 2 2 2 J

. -

- o
et ety " -
*s et

FORTRAN 1U PROGRAM
FILE NAME = LINAMP

WRITTEN RY PARRIS NEAL
UTAH STATE UNIVERSITY MAY 23,19&4

THIZ PROGRAM READS FFT FILES FROM TAPE
DATA 15 CONUVERTED TC¢ FGRTRAN IV FORMAT
HERDER 1ki0 IS RERAD
TAPE NUMBER
DATA FRAME NUMBER
FFT EXNPONENT
A/D GRIN
DATE (YEAR,DRY .HOUR,HIN,SEC)
FFET I3 READ,. PHASE CGRRECTED. AND LINE AMPLITUDES FOUND
THE SAMPLE NUMBER WHERE THE LINE IS EXPECTED T0 BE
15 READ FROM A DISK FILE AND A SEARCH 12 UZED TG FIND
THE ACTUAL PEARK URLUE USING A HAMNING APODIZIATION ROUTIN

SUBROUTINEZ USED RRE

TAPE .TAPEE - TAPE DRIVE UTILITIES

SPCGNY ~ CONUERT 212 RIT 70 FORTRAN 1V 3¢ RIT
FFTRE ,RKOSC - DISK DRIVE UTILITIEZ

PHNSEC - PHASE CORRECTION ROUTINE

APOLE - HAMMING APODIZATION/INTERPOLATICON
DTIME - CONUVERTS HEARDER INFO TO DATE/TIME
LINIT - INPUTS FRAME NUMBERS TG RE PRUCEZSED
SEARCH - SEARCHEZ FOR PEAK BMPLITUDE OF LINES
REALFPT - LOADS MEMORY WITH REAL PART UF FFT

COMMONSREOSC/RUFQ, BUFFER(Z047 ) JHRUFO . HBUFF (2047 ) . XRINGC1024),
YRING(2Q2¥).1IDATA

DIMENSION IPASZ(S5) . INFRAM(IO) ,IHDTACIO) . IBRINCIS) ,IPOE(S0)
DOUBLE PRECISION WARUN(GO)

READ IN INITIAL VALUEZ

ITFME=Q

NGRPS=(

CALL LINIT(NGRFS.INFRANM,IGRIN,ITFNS)

NRITE T0 QUTPUT FILE TOTAL # OF FRAMES PROCESIED
WRITE(0,:051TFHS

WINDIW WIDTHS FOR (# SAMPLEZ) PHARZE CbRRECTIDN ROUTINE

IPAZS 1223
IPARZECLY =S

> e * -‘. "ot -. '-.-~ - o . -, e .. W -_-.-‘.'. . - ...'. .
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AR,
TN
q
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%

g XA
,

" .
< R
- +
e ¢ FGRTRAN 1Y PRGGRAM NN
l\ .
51
52
B 53 IPASS( 51255
: 54 NSZ=12
N 55 NPAZS=
5¢ IDATA=1
- ;o
S S5 Cwxww  INITIALIZE FFT INPUT TAPE DRIVE
- se ¢
l 50 WRITEC4,160)
. 6 2160 FORMATC ™)
) 62 NRITE(4,200)
- 23 200 FGRHAT( INPUT TAPE DRIVE NUMBER *.$)
4 READ(4, 210 1DRY
‘o 55 (20 FGRMATCI )
. 56 IF VIDRV.Ei. &2 IDRU=T
hY 57 I1GPR=4  °
' 68 CALL TAPECIDRY.2.BUFQ.Q)
' 6o €
o 7O Cwwx#  READING IN LINE PGSITIONS
N 71 ¢
-~ 72 WRITE(4,260)
e T3 WRITE(#4,262)
o 74 162 FORMRT(® READING IN LINE POSITIGNS™)
e 7S READ(S,606217L .
T Do 70 1=1.1TL
T READ( S, 607 I IPOSCT) WAUN(T:
T2 507 . FARMAT(1&,.B15.¢)
e re 170 CONTINUE
o 20 €
21 Cewwe  SPACE AKEAD TO FIRST TAPE HEADER
2 ¢
b 33 CALL TAPECIDRV.4.BUFO.2}
g4 ¢
£5 Cwnka  IPACE TO RECORD SPECIFIED Evy INFRAMCL)

c
- ; ICOUNT=INFRAMC 1)-1
o az IFCICOUNT.E@.Q) 60 Tg 210
w a9 ICOUNT=ICOUNT*Z
[:_‘ Q0 CALL TRPECIDRY,4,BUFQ,ICOUNT?
(S 7 210 CONTINUE
la °z ¢
' 93 Cwwaw START READING DATA
v 94 C
95 JZ=1
955 DO 2000 1J=1.NGRPS
o @7 DO 1000 IFM=INFRAM(GZI) .INFRAMCIZ+1)
s ag £
. P rrrrrerrreer VRS L PRI T ARl R Lt Rl et Bl g
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FORTRAN T4 PROGRAM

AEADING HEADER INFO

ARINGCIO)I=TAPE #
ARINGCI24)=DRTA FRRAME #
KRINGC24)=FFT EXPUINENT
XRING(S) =A/D GAIN
ARING(s=-)=DATE/TIME

PO TIPS S I 8 A A VA T 56 0 o T I TS F AT U o P WS o R o

CALL TRAPECIDRU,.7 . XRING.256)

CALL SPCONU(ARING.ARING,25¢)
IHDTACI)=ARING(C3O)

IHDTAC2I=XRING(Z)

IHDTAR(EI=ARINEC:4)

IHDTACI)=XRING(S)

IHDTACI0X=IGRINCIT)

CALL DTIME(XRING(&).YERR,DRY ,HOUR ,NIN,SEC)
IHDTAC3)=YEAR

IHDTAR(4)>=DARY

IHDTACS)=KOUR

IHDTACE)I=MIN

IHDTACT I=SEC

WRITE(S,S528)IHDTACI) ,IHDBTR¢Z)

FORMATC" ACTURLLY READ TARFPE » ’,l1s," FRAME # ~,16)

READING IN FFT RECURNS 5.6 WHICH CONTAIN ALL LINES FOR
4-2,5-2,8-5.7~4 GH RANDS

NRITECS.260)

WRITECS ,52001IFNM

FORMAT(” READING IN TRANSFORM “.I4,” FROM TAPE®)
SPACE TO RECORD S

CALL TAPE(IDRU.S.RUFO.4)

READ RECORD S

CALL TAPECIDRY.7.,BUFQ.20+43)

CALL SPCANVCBUFO,BUFQ,2043)

ICYLD=0

IERR=Q

CALL FFTRK<IDATA,ICYLD.Z.BUFO.IERR)

READ RECORD o

CALL TAPECIDRY.T.RUFO.Z0¥3) I

CALL SPCONUCBUFO,BUFQ. 20450 P
2
=)
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c FORTRAN IV PROGRAM

157 weyLp=1

VI S SO AT s R

152 CALL FFTRK(IDATA.ICYLD.1,BUFO.JIERR)
. 153 ¢
o 152 C##wx  READY TO PHASE CORRECT DATA
K 155 ¢
-~ 155 NRITE($.260)
-0 157 NRITEC#.540)1FM
‘- 158 540 FORMAT(” PHASE CURRECTING FFT FRAME # “.I14)
. 159 CALL PHASEC(NZZ.NPASZ,IPRS3)
150 MRITE(4.550)
ie2 550 FORMATC” PHASE CORRECTION COMPLETE”)
" 82 C
- 153 Cwewes WRITE OUT HEADER DATA T LINE AMPLITUDE FILE
. 54 C
- i55 DO 05 Ias1.20
- 150 WRITE(H .60 IKDTACTIE)
S 157 606 FORMAT(16)
. 168  £0S CONTINUE
5 159 C
T I70 C#ws#  REQAD PHASE CORRECTED DATA IN FOR LINE AMPLITUDE SEARCH
b B
N 72 CALL REALPT
. 7 c
. Cew#w  READ IN HAMMING TABLE VALUES INTO COMMON AREA "BUFFER’
c
READ(TIBUFO.BUFFER
REWIND T

CHnww START TO FIND LINE POSITIONS AND AMPLITUDES

© WRITE(4.3850)1IFM

&850 FORMAT(™ SERRCHING FRAME # ~.14)
Do 900 IT=71.1T7L

IPET=IPOSCIT)

L S L e e s ol R el
JECIRC IR ORI I B s DU e B
MG ORI NT DMK Y
©

X0F5=0.0

& ULF3<0.0

K1 CALL SERRCHCIPET.ZOFS.ULFZ)

1z8 €

139 Cwwew WRITE SAMPLE NUMERER AND AMPLITUDE TO DISK
190 ¢
197 WRITECG.TRSIXOF2,ULFS

192 7825 FORMAT(F10.2,£15.6)
193 900 CONTINUE

194 C

195 Conen SPACE TO NEXT HERDER

196 C
197 CALL TAPECIDRV.4,BUFO.2)
ive C 4
199 1000 CONTINUE

200 C
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c FORTRAN 1V PROGRAM

debd Crnas
02 €

208 2000

210 Cwenw

SPACE TO NEXT GROUP

IFCIT.EQ.HGRPSY 60 TO 2000

JZ=JT+2
ICOUNT=C(INFRAM(IZ)I-INFRAMCJIZ=1))1~1)1#2
CALL TAPE(IDRU.4.BUFO,ICGUNT)

CONTINUE

RENIND TAPE

CALL TAPECIDRU.Z.RUFQ.O)

END
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; C FURTRAN IV PHASE CGRRECTIGN CURRGUTINE
1 FORTRAN IV FHAZE CUORRECTION SUBROUTINE
2
. 3 FON BROWN
:- 4 EE DATA FACILITY
- & LOGAN, UTAKN 4322
;: 7 THIS SUBROUTINE TRKES A FFT FILE FRAM A NISK DRIVE AND
.. & PERFORMS A PHASE CUORRECTICN RY MERNS (OF SUCESSIVE
« AVERAGING AND PHASGR MULTIPLICATIGN.
10 A MAXINMUM QF FIUE PASIES ARE RLLOMWED FOR THE AVERAGING.
EACH PARSE AVERAGES A GIVEN NUMBER GF DATA POINTE. IT

”
[ LY
LR

IS IMPOTRANT THAT THE TATAL NUMBER af POINTS ARUERAGED

Ao OOa0Onhaa0Oa0OO00nn0a0On0

. i3 CON ONE ZIDE OF THE POINT OF INTEREST) F ALL FRSSES
. 2 DGES NOT EXCEED 1023. IF 20. THE SUDRGUTIHE WILL RETURN
15 WITHOUT PERFORMING THE CGRRECTION.
. i
1 CALLING LIST: PHASEC(N.NPAZS.IPASS)
iz MHERE:N IS THE LGG BASE  OF THE NUMBER F DATA POINTS
- 19 NPASE 15 THE NUMBER OF PASSES AND CANNOT EXCEED FIUE
o 20 IPRSS IS AN ARRAY OF THE NUMBER (F LDATR PRINTS To BE
N 22 AVERRGED ON THE NTH PASS. THE SUHATION FRON I TO
22 NPASZ OF I#IPRSG(NI+2 CANNOT EXCEED :024. IF 50. THE
- 2 RGUTINE WILL RETURN WITHOUT GPPERATION.
- 24 NGT NOTED IN THE CALLING LIST. BUT EGUALLY IMFORTANT. IS A CONNOM
- 25 BLOCK NAMED RKOSC WITH AT LERST .44 FREE LICATIGNS WITH THE
e 6145TH LOCATION INDICATING THE DISH DRIVE TGO BZ USED.
T
2 22 REVISION HISTORY:
o o9 ORIGINAL VERSIGN SGN BRGNN 2 JuL Ez
- 30
- 51 SUBROUTINE PHASEC(N.NPRSS.IPAT)
: 3: COMMAON/RKOSC/BUFQ . BUFFERCZIFE) ,KRUF CIOT ) L XRINGC 2024,
- 33 I YRING(1024:,IDATA
34 DINENSIGN IPAS(I)
35 DOURLE PRECISION XDOUBL.XDGURL . AIGUES . AJOURS , SDGURS
... o ;  YDOUBRZ.YDOUBZ.YDAURS . YDGURS. ' BEIRS
. g
.. 33 < SET NUMRER 0F RECORDS IN FFT
- 59 NREC=N-10
- 0 JF(NREC.LE.OIRETURN
N 'z NREC=2##NREC
92z €
43 NPRZ=NPASS
- s4 IF(NPAS.LT.1INPASE]
o 45 IF(NPRS.6T.5)NPAS=S
y 45 JENDENREC/2
» Vs JEND=( 1+JENDRZ-NREC ) #2047
. 4 22 FORMAT(X ,5F&.2)
- 49 €
o 50 ¢ JEND PUINTS TG4 THE LAST POINT IF W THE LAST PECGRD.
~
-
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FOGRTRAN IV PHAZE CORRECTION SURRIUTINE

ASZIGN 20Q TO NEXTZ?
SE&IGN GOQ Tu NEXTZ
ASZIGN =00 T NEXTSI
ASSIGN 200 TGO NEXTY
IDIF=0
I150=1
GOTO (50.40.30,20.20) .NPARS
NITTSE=IPAS(S)
IDIF=IDIF+NITTS
I85=130
15=150
IPS=IS0-NITTS+Z
IS0=IPS»NITTS
ADGUBS5=Q.CTO
YDOURS=0.CDO
SEIBN 500 TO NEXTH
NITT4=1IPAS(¥)
IDIF=IRIF+NITTS
I154=150
I4=2150
IP4=ISO+NITT4+Z
IS0=1P4+NITT4
XDOUB#=0.0D0
YDOUR4=0.,0D0
ASSIGN 400 TGO NEXTS
NITT3I=IPASC3)
IDIF=IDIF+NITT3
183=150
13150
IPI=IS0»NITTS+1
130=]1P3ANITTS
ADGUBR3I=0. 000
YDGUBRI=0.0D0
ASEIGN 300 T NEXTZ
NITT2=IPARE(L)
IDIF=IDIF*NITTZ
152=150
125150
IP2=J30#NITT2¢Z
150=IP2+NITTZ2
XDOUB2=0,000
/DCUBZ=0, 000
ASSIGN 200 TO NEXTZ
NITTI=1IPASCI)
IDIF=IDIF+NITTZ
I181=150
12=130
IPI=IZ0+NITTI+2
130=1IP1+NITT:
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c FORTRAN IV PHASE CORRECTIGN SUBRGUTINE
107 ADOUBZ=C,QDO
i02 YDOUBZ=0,0D0
103 IFCIS0.GT.I024)RETURN
04 €
105 C IZ2 THRU I35 ARE POINTERS T THE FIRET LGCATIAON OF THEIR
106 € RESPECTIVE RING BUFFERS. IS0 IS USED RS A LIMIT GNLY.
107 C I2 THRU 15 ARE POINTERZ THAT NRAP ARROUND IN THEIR ERUFFERS
08 C A PATH HAS BEEN ESTABLISHED USING ASSIGNED GOTO STATEMENTS.
109 € THEREBY RETAINING GENERALITY WHILE INCREASING =PEED.
22 c
111 IRUF =0
12 C
115 ¢ IRUF I3 THE SURSCRIPT OF BUFFER 3UCH THAT HRUFCIRUF)
12 c I3 THE FIRST LGCATION TO BE LGADED TG (R STARCD FRM THE BUFFER.
115 ¢
ila IPTR=2043
i7 JPTR=IPTR-Z#IDIF
123 C
119 C DATA ALWAYS CUOMES OUT 0OF THE BUFFER AT IPTR AND 1S STORED AT JATF
20 C WHICH IS ALHAYS QFFZET FROM IPTR BY THE DIFFERENCE IDIF.
22 €
22 KNT=0
123 D0 &0 I=21.1580-2
iz4 ARING(1I)=0.
25 YRING(I)=0.,
iz &0 CONTINUE
127 DO 70 1=1024.2047
2% BUFFERCI)=Q,
9 7o CONTINUE
130 ¢
31 IERR=0
132 &0 CALL FFTRECIDATR.KNT.Q.HRUF(IBUF).IERR)
33 DG 55 I=IBUF+2Q085C ,IRUF+3094, 4
i34 BUFFERCI)=-BUFFERC])
135 BUFFER(I+1)=-RUFFER(I+1}
13 &5 CONTINUE
i3T 90 KNT=KNT+Z
3¢ JRUF =~2043-IRUF
139 100 X£BUFFERCIPTR)
140 YSBUFFERCIPTR+1)
141 XDOUBZI=XDOUBI+X=~ARING(I1)
142 YDOUBI=YDOUBLI+Y/~YRING(1Z)
143 XRING(IZ)=x
144 YRINGCI2)=Y
i45 X=XDOURZ
146 /=YDOUBZ
{97 AMRG=SART(X#XvV2Y)
148 IFCXMAG.NE.0.0)60TC 150
149 x=l.0
250 XMAG=X
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FORTRAN IU PHAZE CORRECTIGN SUBROUTINE

AX=X/XMAG

VY=Y /XMAG

AO=ARING(IPZ)
YO=YRINGCIPL)
A=SKX#XO+YY®YO
SXXRYO=YYeX0

IPI=IP1I+1
IFCIPL.GEISONIPI=]SL
Ii=11l+2
IFCl2.6GE.150)11=151
G60TO NEXT?
ADQURZ=XDOUBL+X=-RXRINGCIZ)
YDOUBZ=YDOUBZ+Y-YRINGCIZ)
ARING(12)=h

YRINGCIZ)=Y

X=XDOURZ

Y=YDOURZ
AMAG=ZGART(A#X+Y#Y)
IFCXMRG.NE.(0.0)50T0 250
X=1.0

AMARG=X

AX=X/XMAG

YVY=yY/XMAG

XO=XRING(CIPZ)
YQ=YRING(IP2)

X=X X#R0rY /w70
YEXK#Y0~YVRX0

IP2=1P2+1
IFCIP2.6E£.152)1P2=132
12=12+2
IFCIZ.GE.IZ2212=152
GUTO NEXTZ
ADOWB3I=ADOURT+X~KRING(IZ?
YDOURI=YDOUBI+Y=-YRING(CIZ?
NRINGCI3)=A

YRINGCI3 =Y

X=XDOURS

Y=YDOUR3
XMAG=3URT(XwX+Y®Y)
IF(XMARG.NE.O0.0)BGTO 350
X=1.0

XMAG=X

XX=X/KMAG

YY=Y/XMAG

XO=XRINGCIPS)
YO=YRING(IRS)
A=ZXKARXO+rY7RYQ
VYEXX#YO~ VY #RO

IP3=IP5+1
IFCIP3.GE.ISCIIPS=IES
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FORTRAN IV PHASE CORRECTION ZUBRRGUTINE

I3=13+1

IF(I3.6E.132213=153

S0T0 NEXTS

XDOUB4=XDOQURS+X-XRING(14)
YDOURS=YDOURS+/-YRING(CI¥)

XRING(I4)=X
YRING(14)=Y
X=XDOUB4
Y=YDOUB4

XMAG=SQRTCX®RK+Y*Y)
IFC(XMAG.NE.0.0)E0TO 250

X=1.0

XMAG=)X
AX=X/AMRG
yYY=®Y/XMAG
XQ=XRING(IFP4)
YO=YRINGCIF4)
X=XX#K0+Y YV »Y0
SERX#YO-VY®RXO0
IP4sIP4+1

IFCIP4.GE.ISIIIP#=1ICY

I4=14+1

IF(I4.6E.IS3)14=154

60TO NEXT#

XDOUBRS=XDOUBS+X-XRINGCIS?
YDOURS=YDOURS+Y=YRING(CIS)

XRINGCIS)=X
JRINGCIS)=Y
AX=XDOURS
Y=YDOURS

ANAGEZART (K#X+Y%Y)
IFCXMAG.NE.0.0)60TG 550

x=l.0

XNARG=X
XX=X/XMARG
YY=Y/XMAG
RXO=XRING(IPRS)
YO=YRINGC(IPSE)
AZXX#KO+7Y%#Y0
Y=KK#/0-YY%2)X0
IPS=1IPS+?

IF(IPS.GE.154)IP5=]5S

15=215+2

1F(15.6E.154)15=155

AT THIS POINT,

AND THEGE PCINTE CORRISPOND TG WHAT IZ

AT JPTR.

BUFFERCIPTRY=X

A N e T N

THE SUME OF ALL THE PASSES ARE IN X AND vV
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FORTRAN IV PHASE CORRECTIUON SURRQUTINE

252 BUFFER:IPTRwLI=Y
agv 4 IPTR=IPTR+Z
53 IFCIPTR.GT . $095)IRTR=0
254 JPTR=IPTR+2
258 IFCIPTR,GT. #095)IPTR=0 '
256 IFCIPTR.NELOLAND ,IPTR.NE.2045.AND . (IPTR.NE.JEND.CR.
2857 1 KNT.LE.NREC)Y)GOTR100
258 TFCKNT.LEL2)60TO 250
28 ¢
* 250 CALL FFTRKCIDATAR.KNT=-2,1.HBUFCIRUF) IERR)
Zel 220 IFCKNT.LT.NRECGUTU &0
62 IFCKNT.GT.NRECIRETURN
2563 Do 240 I=IPTR.IPTR+1023
Jad BUFFERC1I)=0,
265 Z40 CONTINUE
26 saTo 20
267 END
Zow
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F
0%
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N
c FORTRAN IV TIME CODE DECGDE SUBRDUTINE 'ﬁ;}
B ‘>
7 C FOGRTRAN TV TIME CGDE DRECGRE ZURROUTINE M
1 C [ 4
3 < FILE NOME IS “DTIME"
¢ ¢
5 ¢ GENE NARE "
é6 € UTAH STATE UNIVERZITY
A LOGAN UTRAH 34322
g C JULY 2, 1979
¢ ¢
0 ¢ DTIME DECODES TIME FROM 4 MORDS READ FROM
27 C TIME CODE. ARRAY N CONTARINS THIS DATA IN
2 ¢ ORDER 0OF READ.
13 ¢
1+ € SUBROUTINE DTIMECH.YERR.DARY . KOUR .MIN.SEC)
15 C INPUT: “N” 13 THE ARRARY GF MWORD:E 70 RE
15 C DECODED . N SHOULD BE DIMENSIONED
F AT LERST 4. N(Z) ZHOULD BE THE FIRST
1z ¢ VALUE READ FROM THE TIME CGDE.
19 C GUTPUT: “YERR” 1Z THE YERR
20 € “DRY* IS THE NUMBER OF DAYS
27 C “HOUR” 15 THE NUMBER OF HOURZ
22 ¢ “MIN“” I3 THE NUMRER (F MINUTEZ
23 C “3EC” IS5 THE NUMBER OF ZECONDS. 3SEC IS5 NOT
24 C T BE AN INTEBER.
25 C
26 Cwdew REVISIUON HISTORY
27 ¢
22 ¢ 2 JL 1979 GENE A. MARE INITIAL VERSIGN.
e €
30 SUBROUTINE DTIME(N,YEAR.DRY .HOUR . MIN.ZEL)
3z DIMENSION NC4)
32 ¢
33 Cwxs INITIARLIZE
34 C
35 H1=N¢2)
36 NZ=N(Z)
37 N3I=N(T)>
J& N#=NC4)
39 IFCNILT.OINI=NI+4095
. 40 IFCNZ.LT.QINZ=N2+4095
. 41 IF(NT.LT.OINIZN3I+4096
= 42 IF(NS LT.OXNSENS+ 4096
3 C
s4  Chew SECONDS CALCULATION
I2=N2/16
12=11/16
I3=N2/10 z
I14=13/% iy
SEC=10#(IZ-GRIV+{NI= 20w ]3 + %]+, Q1¥CT1-20:50]2) .




I S ALY . A A i 8 Al a4 Ca . E . ol 8 % Y
E 234
¥
R [ FORTRAN IV PRGGRANM
51 300 WRITE(4.2302
52 136 FORMART ¢’ *
53 WRITE(#,i40MAUNCI )
: 54 140 FORMAT(? WAUVENUMBER = °,RiZ2.o)
. 55 WRITE(4.130) '
5¢& WRITEC#,21502
. s 150 FORMATC® TERM VALUE FIIR THIZ WAUENUNBER = ~.8$)
58 READC#,160XF(T)
59 160 FORMAT(BI2.6a)
60 WRITEC#,170)
~ ol 170 FORMATC" LINE STRENGTH FOR THIS WAVENUMEER = °.4)
N &2 READ(C#.2203C<CI1)
03 170 FORMAT(B15.3)
. o4 WRITE(#4,130)
. 65 WRITECH,290)
> s 190 FORMAIC® 15 THIS CORRECT ™ (Q=N.1=Y) ~.#)
o] 57 READ( 4,200 15NE
od IFCIANS.£Q.0) 6 TG 300
. e% 200 CONTINUE
. 7o G0 T0 750
. 72 C
- 72 < GET TERM UARLUES FROM OLLD DATA FILE
- 73 ¢
; 7+ 700 READ(&, 1002174
k-] Do 710 I=1,I7@G
TS READCS ,320)X,Y,FC12,L(1)
77 T10 CONTINUE
. e C
X Te WNRITE wUT COMPLETE FILE
-, 3 C
Z1 780 WRITEC(T . 200)1ITL
& Do 300 I=2.1TL
23 WRITECT JSIO0IMAUNCII .RLR3PCTI Y ,FCL,CCT)
24 310 FORMAT(B15.5,E15.6.,B22.:.015.8)
35 00 CONTINUE
5 76 END
. 57
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[» FORTRAN 1V PROGRAM
P FORTRAN IU PRCGRAM
2 ¢
3 7 FILE NAME = LINPOS
4 I .
5 ¢ THIZ PROGRAM READSE FFT TAPE CONUERTE THE 12 RIT DATA
¢ C INTG 36 BIT FORTRAN IV DATA FORNAT
7 C THE DATA IS THEN PHASE CORRECTED
& C INTERACTIULY YQU BRE ASKED FOR EXPECTED PUIITIONS GF
L LINES IN THE SPECTRA. POSITIONS IDENTIFIED BY SAMPLE NUMBERS
* 0 € REGINNING AT 70" THROUGH ’20%95°
11 ¢ THESE ZAMPLE NUMBERS CORRESPOND THE ZSAMPLE NUMBERS GF THE FULL
22 C TRANSFORM (REC 5&6) OF 409i-c144 WHERE THE 4-2,3-1,8-5,7-4
13 C 9K BAND LINES RESIDE
4 C
25 ¢ THE PRGGRAM THEN PRESENTZ ON SCREEN THE AMPLITUDE oF
& C DARTA POINTE (+#&=- 10> ARCUND ZPECIFIED FUIINT .
7 C 70U THEN SELECT THE ACTURL PERK SANMPLE NUMBER FOR WRITING T3
8 ¢ A DISK FILE RS A BEBINNING SERRCH PLOINT FUR PROGRAM "LINAMP
! ¢ C
20 C
2 C HRITTEN BY PARRIS NEAL
2 C UTAH STATE UNIVERSITY MAY 25. 1984
23 ¢
24 C SURROUTINES USED RRE
25 C FFTFIL. TAPE, TAPEZ, TERR
25 C SPCONV
27 ¢ REFIL, FFTRK., RKOSC
&z € PHAZEC
29 C APIDZI
30 ¢
32 COMMON/RKOSC/BUFO ,RUFFERCZ204:3) ARUFF (2047 ) . ARINGCIQZ) .
K344 1 TRINGCI0Z#4).IDATA
33 GIMENZION IPARSECSH)
34 TOURBLE PRECISION WRUN
3& ¢
36 (Cawee
37 ¢
38 HRITE(4.160)
3¢ 10 FORMAT (" )
40 WRITE(4.160)
41 WRITEC4.160)
42 WRITE(4.170)
43 IT70 FORMAT(’ DID YQU REMEMBRER T0O SET UP DISK FILE UNIT 5,5 FOR 1/0 2°
44 C
45 C NINDON NIDTHS IN “RINS” FOR PHAZE CORRECTIGN RGUTINE
46 C
497 JPRS3(1)=3
I8 IPASE(2)=E
FI S(3) =%
L0 IPATS (=T
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FORTRAN 1U PRUGRAM

INPUT DRIVE KRUMBER AND INITIALIZE TAPE DRIVE

WRITEC4.500)

FOGRMAT(”1 INPUT TAPE DRIUVE NUMEBER ”.8)
RERD(+4,510)IDRY

FORNMAT(14)

IFCIDRV.EG. ) IDRYU=Z

INIT=0

IREC=1Z

IOPR=4

CALL FFTFILCINIT.IDRU.IREC.IOPR,XRINGCI) .RUFC)

DETERMINE MHART RECORD 13 TG RE READ
MRITE(#.520)

FORMAT(” INPUT FFT FRAME NUMRER TG RE PRGCEZSED ”.$)
READ(+,510)IFILE

RERD IN HERDER FOR FRAME NLUMBER “1IFILE”

FILL IN LATER

READ IN RECORDS 5 GND o FROMN FRANE "IFILE”
WRITE THESE TWO RELORDS Ti3 DISK AND PHASE CORRECT THEM
NODE=1

IREC=S

CALL FFTFILCIFILE ,MODE . .IREC.IBPR KRINGCI) .RUFO)
CONUVERT RECORD 5 T 3& BIT FiORMAT

WRITE(4.500)

FORMATC” ZTARTING TG CONUERT TG 3¢ RITY)

CALL SPCUNU(BUFO.BUFQ,2043)

TRANSFER RECURD TO DISK DRIVE

WRITECH,.510)

FORMAT(” TRANSFERING Tu DISK”)

IDATA=!

ICYLD=0

1ER=O

CALL FFTRECIDATA,ICYLD,1,BUFQ,IER)

REPEART FOR RECORD NUMBER o

IREC=G
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v c FORTRAN IV PRGGRAM ooy
A\l

1071 CALL FFTFILCIFILE .MODE,IREC,I0OPR,KRING .BUFO) ‘y'?

102 CALL SPCONV(RUFO,BUFO.2048) | §
) . 103 ICYLD=1 g~y
N 104 CALL FFTRKCIDATA,ICYLD.2,BUFO,TER) S
. 105 ¢ St
: 106 € DATA 15 NON ON DISK o
o 07 ¢ CALL PHASE CORRECTION PROGRAM TO ELIMINATE PHASE SHIFT IN DATA L
g 108 ¢ e
. 109 ¢ 4K DATA POINTS Ta PHASE CORRECT THEREFORE N=12 2
l : 170 ¢ FIVE PASSES OUER DATA THEREFGRE NPAST =5

122 ¢
e 112 Nx12
g 113 NPRZZ=S

114 WRITECH,.620)

15 820 FORMAT(” BEBINNING PHASE CORRECTIGN”)

116 CALL PHASECIN.NPAR3Z.1PASS)

17 ¢ )

28 € PHASE CORRECTION COMPLETE

119 €

220 WRITE(C4.530)

121 830 FORMAT(” PHASE CORRECTION COMPLETE")

122 ¢

125 C#wxe  ASSEMBLING REAL PART IN ARRAY HBUFF(I)

24 €

125 CALL FFTRK(IDATA.0,0,BUFO,1ER)

126 NI=0

127 Do 700 1J20.1023 -
- 28 HBUFF (IJ)=BUFFER(N) e
. 129 NI=NJ+2 e
N 130 700 CONTINUE oen
- 131 CALL FFTRK<IDATA.1.0.BUFO.IER) e
3 i3z NI=0 NN
s {33 DO 710 1J=1024.2047 <4

134 HBUFF(IJ)=BUFFER(ND) -

135 NI=NT+2 b
s i3 710 CONTINUE L
- 137 € N
S 138 ¢ BRING IN HAMMING TABLE VALUES e
" 139 ¢ N
. 140 READ(5YBUFC,BUFFER N
< i¥7 ¢ -‘\\
= 192 ¢C o,
IE 143 Cewwe  READING IN EXPECTED PEAK SANPLE NUMBERS -
) 144 € .

145 WRITE(4.160) s
- 145 WNRITEC#.750) R
5 147 750 FORMATC" TOTAL NUMBER GF LINES 70U ARE LCGUKING FOR = 7 .§) e

193 READ(4,5200ITL
X 149 C
r 150 Cwsee  WRITE T:1 SEARCH FILE TOTAL NUMBER (F LINES

-
;-3
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' c FIIRTRAN IV PRIGRAN
l 1s: ¢
152 HRITECS.T20IITL -
' 155 ¢
. 154 DO 1000 IC=1.ITL
’ 155 WRITE(4,160)
) 156 WRITECH,514)
, 157 514 FORMAT(’ INPUT WAVENUMBER IN CM~1 FOR LINE *.$)
. 158 READC4,516)RAUN
I 159 755 NRITEC#,750)1C
150 Te0 FORMAT(® INPUT SANPLE NUMBER OF,14,” LINE = °,$)
. 167 READ(4.510) SN
: lo2 515 FORNAT(B15.6)
] i53 WRITEC4,160)
" lod €
: 1085 Ceews  GQUTPUT TG SCREEN PUINTS ARDUND EXPECTED SAMPLE HUMBER
o6 C
57 DO 900 INTISN-10.I5N+10
le8 CALL APADICIN,VUL)
’ 169 WRITE(4,770)IN, UL
- 70 77O FORMATC® * , 1o," 7 .£15.5)
. 71 %00 CONTINUE
. 72 ¢
g I75 Cwwwx  READ ACTUAL PEAK SANPLE NUMBER FRON SCREEN AND INPUT T0 DISK FILE
- 74 € -
‘ 175 WRITE(4.160)
| 76 WRITE( 4,730
. 177 T#0 FARMAT(® INPUT PEAK SAMPLE NUMBER *, %)
: 72 READ( 4.7 9031 IRSN
: 7o 790 FORMAT(I5)
: 80 €
- 21 € IS IT CORRECT?
. @2 C
‘ 183 WRITE(4,743)
' 184 793 FORMAT(® WAS THIS CORRECT (O=N,i=Y) ’.8)
y 135 READC4.790)KC
. 136 IFCKC.ER.O) 60 TG 755
- P
2 : WRITE(5.795) IREN , NAUN
- 796 FORMAT(15,B25.6)
. 1000 CONTINUE
- c
l 192 Cwwws  RENIND TAPE
’ 193 ¢
- 194 CALL FFTFIL(O.IDRV,1,IGPR.XRING.BUFO)
- 195 ¢
- 196 END
- 197
|
-
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9 FORTRAN 1IU PROGRAM

2 C FLRTRAN 1U PROGRAM

z C

3 ¢ FILE HNAME = HAMTBL

¢+ C

s C WRITTEN BY PARRIS NEAL

s C UTAH STATE UNIVERSITY HMARY 22,1984

7 C .

g C PROGRAM TO COMPUTE THE UVALUE OF THE HAMMING APUGDRIZING

o C FUNCTIGN, WHICH 12 NORMALIZED FOR UNIT AREA.

* 0 ¢ VALUES COMUPTED FORR POSITIVE OFFSET GNLY.

17 C ARRAY OF VALUES ARE COMPUTED FOR Q.01 SAMPLE NUNMEBER
2 C REZOULTION., STORED IN AN FILE CALLED HAMUL ON DISK
13 £

14 CUMMON RUFO.BUFFERC2047)

25 C

i3 DO 15 I=0,2047

i7 BUFFER(1)=0.0

18 15 COUNTINUE

19 DEL=0.0

20 BUFFERCOI=®0, 53836

22 PI=3,14259

22 Do 10 Ix1,500

23 DEL=DEL»0.02

24 FETN=O 5383 %C(SINCPIRDEL ) Y/ (PIWDEL))

25 SCTM=(SINCPINCREL=2.0)))/CPIN(DEL=-1.0))

28 TDTM=(SINCPIR(DEL+2.0)1)2/C(PI#(DEL+i.0))

7 BUFFERCI)®FSTH* (0. 46154/2.0)®(SCTHM+TDTHN)

22 10 CONTINUE

= [

30 ¢ WRITE QUT TABLE

32 C

32 WRITECS)BUFOQ . .RUFFER

33 END

34

L S T T T O S L O UL, O
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< FORTRAN 1U SUBRMOUTINE
7 C FORTRAN 1Y SURROUTINE
: C
3 C FILE NAME = RUGT
« C
5 ¢ WRITTEN BY PARRIZ NEAL
6 C UTAH STATE UNIVERSITY JULY 13,1984
A
g C PART OF ”TPARUB” THIS IZ THE 3 POINT RUNNING AUVERAGING WINDON
9 ¢ TQ RVERGE TEMPS WEIGHTED BY THEIR STANDARD DEVIATION
' 0 C
12 SUBROUTINE RVUET
iz ¢
13 COMMON IHICS) ,INZCS) JIHICS) , ILICH),ILZCH)  ILTC4) . A0LC4) ,A02¢ 4,
id 1 RO3CH).SARICH) ,SARZ(H) . SARICH) . TRICH) . TP2¢ ) TPI(#) ,ST1C 4 STICH),
15 1 ST3C4).TAVBCH) . 3RUG{4)
¢ €
17 Do 100 I=1,4
& TN=SCTPZCID/CETICII#R2)I+(TRP2CIDV/CST2CII*¥RZ) I+ (TPAI(LII/(STICII#N2))
% TOXC2.0/CSTICIINRIIIFCL O/ (ST2CII#R2II+CLI Q/(STI(TIN®2))
20 TAUGCLI)=TN/TD
21 SAVGCII=L, 0/ CSART(TD) )
2 100 CONTINUE -
23 ¢
ze RETURN
25 END
26
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FORTRAN SUBROGUTINE

[y
© OO0 anot
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[¥]

[ T A

©y e by

FORTRAN SURROUTINE
FILE NRME = RFRAM

WRITTEN BY PARRIS NEAL
UTAH STATE UNIVERSITY JULY 15,1954

PART OF “TPAUG” READ: FRAME (OF TEMPERATURE DATA
SUBROUTINE RFRAM(IH.IL.AC.3A,TP.3T)
DIMENSION IH(S). ILi3),R0C4) . 2RI TP, ET(4)

READCS.I00VIHL JIR(2)  TH(I)Y ,ZH(2) IH(E)
FOGRMAT (514)

D0 200 1=1.%
READCS.I502ILCIY.ACCTII.ZR(IY,TPCLD 2T
COGNTINUE

FORMAT(14,%E15.¢)

-

RETURN
END

(4
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FORTRAN [V SUFROUTINE

1 C FORTRAN I¢ SUBROUTINE
s ¢
3 C FILE NAME = WFRAM
4 C
5 ¢ MRITTEN BY PARRIS NEAL
& C UTAW ZTATE UNIVERSITY JULY 13.1984
T C
& C PART QF "TPRUE” WRITESE R FRAME UOF AVERAGED TEMP DATA
e C
' 10 SUBROUTINE WFRAMCIH,IL.RO,3A.TR.3T)
2 C
12 DIMENSION IHC(S),IL(#),R0C).SACH),TPCII ET(¢2)
13 €
14 WRITE(CAH.IOQIIHCL) ,TRHC2) IH(3)  IHCH) . IHCE)
25 100 FORMAT (51>
e €
7 B0 200 I1=7.4
1z NEITE(&.I5Q)IL(I);RO({ JERCIDVLTRCIYLETCDD
19 200 CONTINUE
20 150 FORMAT(I<.4E15.6)
2 ¢
2z RETURN
23 END
24
A_‘.;..:'.;:";:..:{.-L'-.A. .;":;'..:.: ".' l-.:f:f;. 1" -"‘-":-' "o .L'- .v.';_n'; -"-A';\'.. s".(': 2" 'f.'f..L ..;' ; .; o As...‘-.’\n'__-‘. A

242

e

AN,

3

LI I A
LA g

LS

et a




£ R IWwQ vy L gd TS Yy " -
82 40 Bia* N T ™ Y At-ataylate i aliatu i e fiate e > il dha Sat Sk Sak et

&

%
N 243
Q‘
“ X
N
N
\)
-.:
%! c FORTRAN IU SURRGUTINE
. 7 ¢ FORTRAN U SURROUTINE
z €
s 7 C FILE NAME = MOUE
N 4 C
. 5 ¢ NRITTEN BY PARRIS NEAL
-~ 6 C UTAH STATE UNIVERSITY JULY 18,1984
v 7 C
. g ¢ PART OF “TPAUG” MOVES TEMP FRANS 3 AND 2 TO 2 AND !
¢ C
20 SUBROUTINE NOVE

.
[
L
(3]

R 12 COMMON IHICS)  IHZC5) , IH3CE) . IL2C4) LI, ILICS) ,R0L(4),A02¢4),
o i3 1 BO3CH) . ZRICH) SRECHI SRS, TPICH) , TPZCH4) , TPI(#) . 5TI(#),5T2¢4),
- 14 1 3T3(4).TAUGC#) ,3AVGCH)
al 5 C
) 16 D 100 I=1.5
e 7 IHICI)=IH2(T)
13 IH2{I)=1IH3C1)
A 29 100 CONTINUVE
N 20 ¢
.. 27 DO 200 I=1,4
. 2z AOZ(ID)=A0ZCT)
o 23 AOZCI)=RO3(1)
- a4 5A2¢1)=2R2(I)
25 SAZ(1)=5A3(1)
26 TPICID=TP2(I)
. a7 TPZ(I)=TPI(I)
- pdcs STI(I)»=3T2(1)
- 29 ATZ(I1)=3T3¢I)
(~ 30 200 CONTINUE
. 31 ¢
0Ny 32 RETURN
- 35 END
34
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[ FORTRAN IV PROGRAM
F A FORTRAN 14U PROGRAM
x C )
3 ¢ FILE NAME = RMEDEK .
4 C
5 C PROGRAM REMOVES BRAD FRAMES OF LINE STRENGTH DATA FROM A FIL
& ¢
b DIMENSION IBADCI0),IHDTACIO) .SNCS52) ,ALSTRCEL)
g8 C
14 WRITEC#,50)
20 &0 FGRMATC® OLD FILE UNIT 5°)
11 WRITE(4,60)
i2 &0 FURMAT (™ NEW FILE UNIT &°)
13 HRITE( 4.200)
4 100 FORMATC® INPUT # FRAMEZS T DELETE 7’ .¥)
15 READ(<.22021IDL
i6 21210 FORMAT 16 -
rn READS.220)1FME
s ITF=IFMZ
P IFMS=1FMS-IDL
20 WRITECG,21I0)IFNS
! C
Iz ¢ INPUT BAD FRAME NUMRERS
3 C
24 Do 200 I=1.10L
) WRITEC+.210)
Z2e 210 FORMATC” FRAME # TO JELETE = 7°.8)
27 READ(4.22102IBADCI)
e 200 CONTINUE
29 € .
30 ¢ SET UP READ AND HWRITE OF FRAMES
37 €
32 la=1
33 DG 1000 1C=1.1TF
< DG 300 I=1.,710
35 READ(S5.210)IHDTACI)
35 300 CUONTINUE
37 oo 380 JI=1.52
3& RERTDCS,TICIENCTI ALETRCI)D
3o 330 FORMAT . F10.,2.E15.6¢)
0 350 CONTINUE
41 €
42 ¢ TEST FOR NEGARTIVE VALUES
43 C
44 DO 370 IT=l3.52
45 IFCALETRCITILTLO.OIBATA 398
45 370 CONTINUE
47 6070 390
395 NRITE(S.JF30)IHDTACL)
49 390 CONTINUE
M J30 FURMAT :* FRAME "~ ,14.° HAS NEG UVALUE®
DI LA e e e e ..'-", "_"‘."", ~' '-'_'.~ T T L R “._-‘."‘ N - - T . e et . _--' Tat Cataat
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. ¢ FOGRTRAN 1V PROGRAM NN
51 ¢ E
A 52 ¢ TEST FOR BAD FRAME A
N 35 € .
. 54 IFCIBAD(IG) .EQ. IHDTACZIIEOTD 2000
- 55 Do 400 I=2,10
- 56 NRITECS,110)IHDTACI)
£ 5T #00 CONTINUE
: 53 26 300 J=1.52
59 WRITE(&,33028NCT) ,ALSTRCI)

L8
o

500 CONTINUE

- &l 60 TG 1000
% 52 2000 1a=1G+1
8 33 2000 CONTINUE
od END
55
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/FARTRAN TV ZINGLE PRECISIGN CONUVERIION

/FORTRAN IU SINGLE PRECISION CONUVERSION
/

/FILE NAME 15 “3SPLUONU.RA”

/

/GENE A. MWARRE

JELECTRU-DYNAMICS LABORATORIES

/UTAH STATE UNIUVERSITY

/LUGAN, UTAH 84322

/31 DECEMBER 1977

/

/ARRAY F INTO WHICH THE VALUES WERE LGADED IS
/DIMERSIGNED AT LERST N/3 (ROUNDED UP) WHERE
e /N IS THE NUMRER OF 12 BIT DATR WOGRDE TO BE

M GIR NS 00 N0 &Gy

[ O A

217 /CONVERTERZ. THE CUTPUT ARRAY MUST RE DIMENSIONED
1& /RT LEAST M. THE INPUT AND CGUTPUT ARRRAYS MAY RE

1% J/THE ZAME ARRAY.
20 7/
21 JCALLING SEGUENCE

/
23 /CALL SPCONUCIXRIN,IXGUT,.N)
IXIN = INPUT DATA ARRARY
IXOUT = OUTPUT DATA ARRAY
N = NUMBER OF 12 RIT DATA KURDE

(RN S
o '
SN NN

ZECT SPCONYV

g JA #ST

JO  #AR, oRrR6 .+10
3 TEXT +SPCONU+
3 MRET. SETX #XR

z3 SETR #RAZE
34 JA .*3

35 #BAZE. R6 ™

3o IXIN. OaRG . *3

3T Ixeur, OR& .+

33 N, ORrRG . *3

39 IXI. [ 1 . *3

40 1Xa, ORG .*3

42 ORG #EBASE+30
42 FNGP

3 JA WRET
44 FNOP

45 #GORAK, 0:0

46 WMARGS. ORG . *3

7 1. ar6 »*+0003
43 ITz7. ORG . *0007
S IT2, arG ., *Q007
50 ITS. ORG . *0002

/THIS SUBROUTINE CONVERTE (2 BIT SINGLE FPRECIZIGN
SINTEGERS (AS LUARDED FROM MRG TARPE, FOR INSTANCE)
JINTO FORTRAN IU INTEBERS. IT7T ASSUMES THAT THE

o AL TTETNETE
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¥ . /FORTRAN IV SINGLE PRECISION CONVERZIGN
hJ
51 2. URG .T00G3
. 52 MTMP.  ORG #0024
{a 55 #LIT. 0000
- 54 0000
- 55 0000
. 56 0001
‘. £ 2000
- 58 0000
59 0002
: 50 3000
i1 0000
. 52 0003
. 63 3000
.- o 0000
- 85 #LBL=.
X 56 . OREG #LBL
. 57 #RTN.  BASE #BASE
63 JA #GUBAK
R &9 #ST. STARTD
- 7 T 0210
-~ 71 FSTA #60FAK , 0
' 72 0200
- 73 SETX #XR
2 7Y SETB #BASE
« s DX 0,1
t FSTA #EASE
g 7T FETA #ARGS
o T3 FLDAZ  #BASE, 1+
. 7o F3TR IXIN
o 20 FLDAT  #BASE, 1+
- 21 F2TAR IXoUuT
) 22 FLDAT  #BASE.I+
. a3 FETA N
ad
. 35 JINITIALIZE
e/
. 27 STARTF
- 24 FLDAZ N
n g9 FaT 1
. v0 FLDA #LIT+0006
- 91 FMULZ N
3 o2 FSTA J
; o3 7
T 94 /MAIN LOOP
- 95 /
- 95 W10, FLDA I
< o7 FSUR #LIT+0006
- 92 FSTA 1
> o0 ALN Y
. 200 STARTD
- b
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SFORTRAN

2101 FADD
02 FSTAR
203 STARTF
104 FLDAZ
205 F5TA
104 FLDA
107 FSURB
108 FSTA
109 JLT
120 7/

112 /FIRST HORD
212 7/

213 ALN
il4 GTARTD
1215 FADD
il6 FZTAR
217 ETARTF
P ZETX
119 AXTA
120 SETA
122 FSTAZ
122 FLDA
123 FSUB
i24 FSTAR
28 JLT
izé6 7/

127 /3ECOND MORD
1za 7

129 ALN
{30 ETARTD
132 FADD
132 F3TA
133 STARTF
134 SETX
135 ATA
3¢ SETH
137 F3TAZ
23z FLDA
i3% FSUR
140 FSTA
147 JLT
142 /

145 /THIRD WORD
144 /

145 ALN
145 STARTD
147 FADD
144 FSTA
149 STARTF
15 SETX

IV SINGLE PRECIZIGH CINVERZIAON

IXNIN
Nz

IxI

Irs

J
#LI1#0005
7

#20

Q

xour
IXa

1713

Q

#XR

IX¢

J
BLIT+0006
J

#20

0

IXouT
1x0

IT2

[+

#XR

Ix¢

J
#LIT+000¢
J

»#20

Q

IXouT
Ix0
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SEREC <000 FORTRAN IU TAPE SURROUTINE

o

AEBEC ©00Q FORTRAN IV TAPE ZUBRGUTINE
FILE NAME IS “TAPE’

GENE A. NARRE .
ELECTRICAL ENGINEERING DEPARTMENT
UTAKR STATE UNIVERSITY

LOGAN, UTAH 34322

17 JULY 1979

2K I A TR S R

CALLING SEGUENCE

CALL TAPECUNIT.COMAND ,BUFFER.COUNT)
UNIT = TAPE UNIT T( BE USED

O = PHYSICAL UNIT O IN 97 MCDE
2 = PHYZICAL UNIT O IN 7T MODE
2 = PHYZSICAL UNIT & IN 97 MaDE
3 = PHYSICAL UNIT 1 IN 7T MuDE

COMAND = TAPE COMMAND

Q@ = NO QPERATION
1 = NG OPERRTION
2 = REWIND
3 = 3ET OFFLINE
s = SPRCE FORWARD N FILES
S x SPACE FORWARD N RECURDS
; & = READ FORMARD ! RECORD
" 7 = READ FORKARD i RECGRL
2% & = SPACE REVERSE N FILED
29 @ = ZPACE REVERZE N RECORD:
30 10 x SPACE REVERIE N RECORDE «£RIT:
3z 17 = RERD REVERGE
32 12 = WRITE FILE MARK
33 13 = ERASE 5 INCH GAP
34 14 = NRITE RECORD (EDIT:
35 15 = WRITE RECORD
Jo BUFFER = BUFFER RRRAY FOR DRATA
37 COUNT = WORD/RECORD COUNT. HOTE--FOR RERD
32 AND MRITE CIIMMANDS,. THIS I8 THE 12
3¢ BIT WORD COUNT.
40

[xKs} QOoOOOaO0O0a060aO00OO0a000ONM0ORO0ONMMNOO00O00OOO0Oa0HMO0GOGONO

42 REVISION HIZTORY

42

43 17 Jul 1979 GENE A. HRRE INITIRL VERSION

44 14 AUG 1982 GENE A. HARE CHANGED CALL TG TRPESB(~l....
45 TO HOLD IN MODULE UHTIL DONE
46

0

4% SUBROUTINE TAPECUNIT.CCMAND . BUFFER.COUNT)

)

50 Liad GET THE ARGUMENTZ IN LOCAL UARIARLESD
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:- ¢ XEBEC 9000 FQRTRAN IU TAPE SUBRGUTINE

Y

o 51 ¢

' 52 IUNIT=UNIT i
\ 53 ICOM=COMAND

0 54 JCaM=ICoM/2

W 55 KOUNT=COUNT+0.5

l’.j 56 1=

L s

N

53 Cwawn pe IT

10 CONTINUE
CALL TAPEB(I,IUNIT ICOM.BUFFER.KQUNT)

- -.IA'
[ ]
~ O 9

]

53  Cwww CHECK FOR READ/MRITE OPERATICNS

ed C

o] IF(CICOM.EG.3).CR.(ICOMEQR.T)IGO TO 20
€6 60 Ta 30

57 €

& Cwww CHECK FOR ERRORZ (REARD/NRITE GNLY)

w9 C

t 20 CONTINUE

’
hab CALL TAPE#(-1.KREG.KCOM,KBUF .KCNT)
g4 IMTN®CKREG/256)-(KREG/S512)%2
73 IF(IMTN.NE.Q260 T 20
T4 KREG=KREG/ 4096
] KREG=(KREG/ 64+ KREG/2-(KREG/186)#2)
T IF(KREG.EQ.0.OR.1.6T.9)60 TO 30
7 C
7R Ceww BRACKSPACE AND TRY ABAIN UP TG 10 TIMES
T €
Z0 CALL TRPEZ(I.IUNIT.9, BUFFER.I
2z I=1+2
3r 6o 7o 10
23 C
34 [euw DONE
5 €
30 CONTINUE
v RETURN
o3 END

A
LN

o)

Tl *
-] N NS Y I ]

s .

LN
]

e

R
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< FORTRAN 1U FROGRAM b e
' Ay
1 ¢ FORTRAN 1Y PRUGRAM -
z C
3 ¢ FILE NAME = TPAUS
4 C
5 ¢ HRITTEN BY PARRIS NEAL
& C UTAH STATE UNIVERZITY JULY 18,2924
7 ¢
3 C PROGRAM READS TEMPERATURE FILES PRODUCED RY “BLTIND®
¢ ¢ AND AVERAGES THEM GUER A 3 POINT WINDGM WEIGHTED BY
20 ¢ EACH TEMP*S 3TD DEV
iz ¢
12 COMMON THICS) . IH2¢5).IH3C5) . JL2C4),IL2¢#2,IL3(4).R0Z(<).A02(4),
i3 1 RO3(4),5A1C4).3R2(4) . SRICHI.TPICS) . TRICH), TPI(H4I,ST2(43,5T2¢4),
14 I STIC(#),TAVGCH) .SAVG4)
5 <
15 READCS.100) INFHS
To100 FGRRAT( T4
13 WRITE(S.100)INFMS
19 ¢
20 CALL RFRAMCINZ.ILI,ACZ.5R1,TP1,3T2)
21 CALL RFRAMCIH2,ILZ.ROZ,3R2,TP2,5T2)
22 €
23 ¢
24 Do 200 1=1,4
o5 TNS(TPICIY/(STICTIwa2)I+(TRI(II/(STRZ(IINRZ))
25 TD=C2.0/(ST2CIIRRZIIFCL, O/CE5TZ(TINR2))
a7 TAUG(I)=TN/TD
fo SAUG(IN=1,0/(SART(TT))
2¢ 200 CONTINUE
0 ¢
31 CALL NFRAM(IHZI,ILL.A0Z.3A1,TAVG,358VG)
32 ¢
33 3500 CIONTINUE
34 CALL CHKEUF(E)
35 BEADCS. 1202 IHIC2) , IHT(2)  IHT(3) . IHI (4, IHI(5)
je IFCELNE.O} GUTI £00
3T i1z0 FGRMATCS514)
32 Do 130 1J=21,94
3¢ READ(S, 140 IL3C1T) ,AOSCITY, 503100 . TR3CII) ,3T3CIT)
40 130 CONTINUE
42 140 FORMAT(14.4E25.5)
2 ¢
43 CALL AUET
J4 £
45 CALL WFRAMCINZ . IL2.PO2,5A2,TAVG,3RAVG)
5 CALL MOUE
57 ¢
43 6070 500 ™
49 500 CONTINUE
0 <
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Y ¢ FORTRAN IV PROGRAN "
o
51 Do 300 I=1.4
52 IN=CTRICII/CETICIIR*Z) InCTP2CI I /CET2(I)I"%2))
> 53 TD=C2.0/(STICIIRRZ)I+( L Q/CETOCTINR2))
e 54 TAUGC(I)=TN/TD
-2 55 SAUBCI)*1.0/CEGRTCTD))
% 5% 300 CONTINUE
R s ¢
- s CALL WFRAMCIRZ,ILZ,R02,5A2.TAVE,5AVE)
8 59 ¢
60 END
.-, 52
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.: /FORTRAN U FFT RKOS MODULE

" 1 /FDE.RAN 1V FFT RKOS NODULE
7

5" 3 /6.2 R. WN'22

> S JE.IREIOWI, £,.°).2322),° DI04~ 4
- S JUSIC S4/4T U.26223249
- & IL/Tt.. UeC 34322
N 7 /730 J5.2 1982
n g 7
- 9 /CRLLING 3EQUENCE

: 0 7/
. 2 7 CALL FFTRKCUNIT.CYLDR.RDNT, X .ERROR)
12 /
e 13 7 UNIT = PHYSICAL DISK UNIT NUMBER (0-3)
. 4 7/ CYLDR = CYLINDER TG BE TRANSFERED <0-202)
3 5 7 RDWT = READ/HRITE SELECT (O = READ, 1 = WRITE)
- 5/ X = BUFFER UIZED (2048 F4 WGRDS)
’ v/ ERROR = RKOS 3TATUS REGISTER
’ &/

9 7

- 20  /REVISION HISTORY
) 27 /7
s 22 /30 J5.% 1982  6%.%2 A. N’2L 10427, 62233/,

3/
- 24/
" 25 /DEFINITIONS
26/
27 DSKP= a7 41 /DISK ZKIP OGN FLRAG
o 28 DCLR=  &742 /DISK CLEAR
e 29 DLAGs 4T 43 /LGAD ADDRESS AND 60
N 30 DLCA=  sT44 /LGAD CURRENT ADDRESS
)N 31 DRST=  &74% JREAD STATUR
N 32 DLDC= 5746 /LOAD COMMAND
‘o 33 BSkH= 7002 /BYTE SHAP
3¢ 7
- 35 /FFTRK ENTRY
- 56 /
- ks BASE O
G & SECT FFTRE
- 3¢ SETX CONM /SET BASE ADDRESS
#0 STARTD /GET UNIT NUMBER
. 41 FLDAZ 0.1
2 2 : FSTA 3
— 43 STARTF

. 94 FLDAZ 3
) 45 ALN O e
- 46 STARTD o
. 97 FSTA UNIT . el
5 47 FLDAZ 0.2 /GET CYLINDER NUMBER ..
- 49 F27A 3

50 STARTF
~

'
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-
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19
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15
:“ J/FOIRTRAN IV FFT RKOS MODULE
"\ -
g 52 FLDAZ 3
5z ALN ©
X 53 STARTD
B 54 FSTA CYLDR
) 55 FLDAZ 0.3 ,GET READ/MWRITE
= 56 FSTH 3
- 57 STARTF
.. 58 FLDAZ 3
59 ALN ©
50 STARTD
' 51 FSTA RENWT
- 32 FLDAZ 0.4 J/GET BUFFER ADDRESE
. 53 FSTA 3
. 59 F3STA BUFH
s =5 STARTF
- e TRAPZ RKOSS /30 Ta &-MODE SUBRGUTINE
- &7 STARTD /RETURN STATUS REGISTER
- a3 FLDAZ 0.5
5% FSTA 3
- 7o STARTF
o T FLDA ERROR
- Tz FNGRM
- 73 F3TAZ 3
. 74 FLDA 30
" TS Jac /RETURN
Té 7
77 /8~-MODE RKOS MODULE
= TE o/
- 7 COMNI RKOSM
- 20 GRG . +200
- 21 7
T #2  /RKOS CONTROL SUBRGUTINE
. &5 7
24 RKOSS. 0
25 7
#6  /INITIAL SETUP
ar 7 :
32 CLL CLA 1AC /D3 A PONER CLEAR
&9 DCLR
20 CLA 1AC RTR /MAKE L0 PART OF READ BLL/NRITE ALL
91 TAD RDNT /GET WRITE BIT
= 92 AND K4001 /MAKE SURE ITS 0K
_ %3 CLL RTR /AND MOUE IT INTQ POSITION
- o4 oca com /IN THE COMMAND WORD
s 98 TAD CYLN /NON SET THE CYLINDER NUMBER
. 95 AND K377 /RESTRICT IT T & RITS
L 97 CLL RAL /AND PUT IT IN THE PROPER PRSITION
e a3 RTL
N G2 RTL
) 100 DCA CYLN SFLR THE DISK RINRESS REGIETER (L)
"
X
’s
;z,:u._::;,;.u;;“a,-_ 3 e e e e e e e A N T e e e RIS

KA .
s SISO, WL e et T T et T et Tt T T, T et T et Tl T e T T et T T e et e et e e T e
WAL LIPS WL WL AL AL JUAL. W &) - S AP LI VTR P VATV YR YR U WRSUA I, WS AT YR, W i, hbickbdd bt ol adand ot bdead e
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JFORTRAN IV FFT RKOS MOBULE ﬁy
»
102 TAD UNUM W GET THE UNIT MUMBER cﬂ
102 AiHD K3 CUNITS 0-3 ONLY l§
203 SNAR STO NOT ALLOW UNIT O C-
104 JMP RKRET .TO PROTECT (PERATING SYSTEM e
205 RAL SPUT IT TGGETHER WITH HI CYLINDER BIT L
2106 TAD COM /THEN INCLUDE IT I
107 Dca CoM /IN THE DISK COMMAND -
108 TAD M30 /SET THE BLOCK CGUNT =
209 DCA BLKCNT JTH 240207 BLOCKS (644 HORDS) -
120 DCA ERREG SRESET THE ERROR MORD l_
1:1 10F .30RRY, NG INTERRUPTS ALLGMED A
1z v -
22135 /MAIN DATA TRANSFER LinP v
24 7/ T
125 RLOOP. TDCLR JCLEAR STATUS T
215 TAD RUFL FGET LU GRDER BUFFEZR ADDRE:ZS o
117 nLCA JAND LORD INTG CURRENT ADBDRESS N3
21z TAD BUFH /B3ET HI GRDER BUFFER ADDRESE ‘E
119 AND K7 JLINIT T3 FIELDE O-T e
120 CLL RAL /THEN 3HIFT IT
1z ATL v
122 TAD COM /AND PUT IN COMMAND WORD e
223 sLoC /LIRD THE COMMAND REGISTER -
124 TAD CYLN /GET THE CURRENT CYLINDER NUMBER r
28 DLAG /LGAD IT AND GG T
125 132 CYLN /UPDATE CYLINDER MKILE #AITING : E;
27 CLL cLA IMUST CLEAR LINK ANYWAY .
128 TAD BUFL JGET L0 ORDER BUFFER ADDRESS
12 TAD K400 /AND BUMP 1T RY TWO MEMORY PRGES
. 130 DCA BUFL
- /32 RAL JHGR GET THE GUERFLGH -
f~ 130 TAD FUFH /G&NT ADD IT -
- 233 DCA BUFH JTO THE HI GRDER IUFFER ARDRESE K
. i34 RWAIT, DSKP I3 THE DISK DONED i;
- i35 JMP CNTLC [ZAECK GUT CONTROL C WHILE WAITING
= 23 BRET STGNE-=-GET THE STATUS REGISTER -
[~ 37 AND K37TT /REMOUE COMPLETION FLAG .
- i3s 3zA CANY ERRGRET -
. 3¢ JMP RERR /ES--G6& CHECK THEM OUT -~
. 140 I5Z BLKCNT /HAUE WE TRANSFERED ALL THE BLOCKS? -t
" % JNP RLUOP /HI~=DO ANOTHER -
i42 RKWAITI, DRST /WRIT FOR THE COMPLETION FLAG :
! 243 SMR CLA E
- 144 JINP RHAITI
. 145 ISZ DELAY
146 JNP -2 o
147 RKRET. CDF CIF © e
195 10N /TURN THE INTERRUPTZ RACK 0N ..
149 JHPY RKOSE JALL DONE ) -
150 DELAY, O

‘\
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FFQRTREAN IV FFT RKQS MOBULE

5
b
i

i52 /
252 ERRGR CHECKH
{53 * °
154 RERR. 2CA ERREG SAVE THE STATUS
. i55 TAD ERREG DG HE NEED
. 136 AND K403 /T3 RECALIBRATE?
. 157 3NA CLA
153 JHP RKRET INQ--STOP TRANSFER AND RETURN
159 DCLR /2TART THE RECALIBRATE--CLEAR DRIVE
180 STL RTL /RC = 2
ié1 DCLR /RECALIBRATE
152 DEKP /HRIT
163 JHp -1 /UNTIL DONE
P2 JCLR /CHEAR ZTATUE REBISTER
165 IRET /HARIT FOR STATUS
Ziziy IR CLA
a7 JMP - FETILL DOING RECALIBRATE .
ic2d JIMP RKRET JHOH STOP TRANGFER AND RETURN
/

»
o
-
€
l 219

170 JCONTROL C CHECH
/

bl
172 CHTLC. KRS JREAD KEYRUARD STATIC
73 AND K177 /REMOUE PARITY BIT
T3 TAD M3 /18 1T A ~¢?
irs INA CLA
75 KSF /3T IS A AC -= I3 THE FLAG UP*>
Fiard JHP RNAIT /NG == KEEP QN TRUCKING
e CMP AKRET /A L == LET FRTS TAHE CARE af IT
- 17 / -
- 250 /PARAMETERS
- 57 7
- 152 CoM, 0
o 123 GNE. Z
. 134 THO, -
' 225 THRE. 3
” fie  FOUR, 4
& iar FIVE. <
v 1z2 UNIT. 0
A 129 UNUM. O
S 190 CYLDR. ¢
- 197 CYLN., O
‘e 192 RENT. 0
E 293 RDNT, o
195 BUFH. 0
- 1¢5 BUFL. o
- 19, ERROR. 7
- 197 0
rus  ERREG. O
27%  RLKCNT. ©
220 Cums. 3210
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/FORTRAN IU FFT RKQS MODULE

201 7/

202 /CONSTANTS

203/

J04 K3. 3

205 K7, 7

20¢  KI7T, F

207 K377, 377

20& K400, 400

209 Kv¥03, 403

22 K3777. 3777

211 K#2001. 400z

X1z M3, -3

213 M3IO0. =30

224/

215 /SETUP THE BRRRAY EPACE
21/

227 ORG #4000

b 2:4 FIELDI RKOSC
219 ORG6 .+3
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) /XEREC ©000 FORTRAN IV §-MGDE LURRGUTINES oy
'n. L *
D /REREC 9000 FORTRAN IV :-MODE SUBRGUTLHES K0!
7/ CT
\" 3 /FILE NAME 13 “TAPEZ.RR” %J
‘ 4 7/ Rt
N 5 /GENE A. MWRRE N
o & /ELECTRICAL ENGINEERING DEPARTMENT »
- T /UTAH STATE UNIVERSITY b
- 3 /LOGAN. UTAH 5432z O
- ¢ /12 JULY 1979 AP
' 0 7
» 11 /CALLING SEQUENCE
o iz 7/
2 3 CALL TAPEZ(F,IUNT.ICOM,IRUF . ICNT)
. 14 7 { = TAPE OPERATIGN MUDE
. 5 7 IUNT = TAPE UNIT NUMBER
- 6 7 ICOM = TIPE CUMMAND
N i/ IBUF = TAPE BUFFER HAME
& i/ ICNT = WORD/RECORD CGUNT
9 7
- 0 7 CALL TRPEZCQ,IUNT,IFNT.PRDN.RTFG)
- 27/ O = TAPE PARAMETER SET MODE
- . 22/ IUNT = TAPE UNIT NUMBER
- 23/ IFMT = TAPE UNIT FGRMAT
’. 24/ PRDN = TAPE UNIT PARITY~DENZITY
C-. 5 7 RTFG = TAPE UNIT READ THRESHULD-FAST GAP
i 25/
27/ CALL TAPEH(-1.1REG.TCOM. JRUF.JCNT)
" [-2- B -1 = [APE REGISTER REARD MUDE
“. se 7 IRES = TAPE UNIT ERROR REGISTCA-GPERATING STATUS
o 30 7/ TCOM = TAPE COMMAND WOPD
. 37 7 IBUF = TAPE RUFFER ADDRESS .
- 3z 7/ JCHNT = RESIDUAL WGRD/RECGRD COUNT
.-. 33 Il
- 34 JIUNT TAPE UNIT VALUES
35 0 = UNIT & IN T MGDE %
- 3o v P UNIT O IN 77 RODE : ASAR
ER 37/ 2 = PHYSICAL UNIT 1 IN =T MJDE ok
- 3z 7 3 = PHYSICAL UNIT 1 IN 7T H4GDE RN
- 39/ ROAS
e 40 /ICGM  TAPE COMMAND (ALUESR SN
- 41 / O = NG GPERATION g
H 42 7 I = NO OPERATION
s 43 7/ 2 = REWIND
44/ 3 = SET GFFLINE
. 45 7 4 = SPACE FORMARD N FILES
5/ 5 = SPACE FORWARD N RECGRDS
¥ & = READ FORWARD 1 RECGRD
- 4z 7 7 = READ FORMARD : RECOARD
o P 2 = SPACE REVERSE N FILER -
™ 500 @ = SPACE REVERZE H ARECOADS
>
&
-,
’0
-,
1 OC PO AT PO Y PREPLECPR PGS PPN P OO PO A PR YR AL S8 P U A Sl Syt AU R AN S



2t VAR

' 260
v
»
*
2
IO
>,
/XEREC 2000 FGRTRAN IU =-NGDE SURRGUTINES
54 7/ 10 = 3PACE REVERSE N RECORDS (EDIT)
sz 7 11 = READ REVERSE
53/ 12 = WRITE FILE MARK
¢ 7/ 13 = ERASE 3 INCH GAP
55 14 = WRITE RECORD <EDIT)
56/ 15 = WRITE RECGRD
57 7
52 /1FMT  TAPE FORMAT MODE CONTROL
59/ O = UNPACKED DATA FORMAT
60/ 1 = TEST DATA FORMAT
62 / 2 = PACKED FORMAT A
62/ 3 = PACKED FURMAT B
53/
64 /PRDN  TAPE PARITY-DENSITY CONTROL
55 7/ 0 = EVEN PARITY-LGW DENSITY(NRII>
56/ 1 = EUEN PARITY-HIGH DENSITY (PE)
&7/ 2 = ODD PARITY-LOW DENSITY (NRII)
68/ 3 = 0DD PARITY-HIGH DENSITY (PE)
69/
7O /RTF6  TAPE READ THRESHOLD-FAST GAP CONTROL
T/ O = NORNAL THRESHGLD-Ni FAST GAP
Tz o/ 1 = NGRNAL THRESHOLD-FAST GAP SET
73/ 2 = LON THRESHOLD-NG FAST GAP
Te 7/ 3 = LOW THRESHOLD-FAST GAP SET
7S/
76 /IREG  TAPE REGISTERS--LOW ORDER 12 BITS CONTAIN THE OPERATING
77 REGISTER. THE HIGH GRDER (2 BITS CONTARIN THE ERROR
78/ REGISTER.
re 7
30 /TCON  TAPE COMMAND REGISTER CONTAINED IN LOW GRDER 12 BITS.
22/
22 /10T INSTRUCTION DEFINITIGNS
&3/
G4 SKNBx 6354  /SKIP ON CONTROLLER NGT BUSY
LDWA= 5335 /LOAD WEMGRY ADDRESS
LDMF= 5333 /LOAD MEMORY FIELD
LHWC= 5312 JLOAD HI WORD COUNT
LDNC= 6327  /LOAD L WORD CGUNT
LDCN= 325  /LOAD CGMMNAND REGISTER AND G0t
RDNCx 8347  /READ RESIDUAL WORD COUNT
RHWNC= 312  /READ HI RESIDUAL WORD COUNT
RDST= 6343  /READ STATUS REGISTER
RDES=  &345  /READ ERROR REGISTER k. -
DSIN= 6357 /NISABE TAPE INTERRUPT Ny
BSK= 7002  /BYTE SWAP - S
/ L
JREVISION HISTORY e g
’ o
100 /12 JUL 1979 GENE A. AARE INITIAL VEASIGH N
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FREREC 7000 FURTRAN IV Z-HODE SUBROUTINES K
202 7
0z 7
103 /TAPEL ENTRY (FPP INTERFACE)
i0¢ 7
205 BASE O
104 ' SECT TAPES
107 SETX MUODE
102 STARTD /GET MODE VALUE
109 FLDAZ 0.1
220 FSTR 3
111 STARTF
112 FLDAZ 3
113 ATX © /STORE MODE UALUE
124 JLT Mz /G0 T MODE = -2 SECTION
115 STARTD /GET REMAINDER OF ARGUMENTS
11¢ FLDAZ 0.2 /GET WORD Z
i1 FaTA 3
118 STARTF
119 FLDAZ 3
220 ALN ©
222 STARTD
122 FSTA WD2H
123 FLDAZ 0.3 /GET WORD 3
24 FETA 3
225 STARTF
126 FLDAZ 3 o)
127 ALN © e
122 STARTD T
129 FSTA WD3H -
130 FLDAZ ©.5 JGET WORD 5 s
131 FETA 3 S
13z T ZTARTF kY
33 FLDRZ 3 -3
134 ALN ©
135 STARTD
135 FSTA WDSH
37 FLDAZ ©.4 /GET WGRD 4 ADDREZE
133 FSTA 3
139 STARTF
140 XTA © /G6ET MODE ASAIN
141 JEG MZ /60 TG MODE = O SECTION
142 7
1435 /TAPE CONTROL SECTION (MODE = 1)
144 /
145 STARTD
144 FLDA 3
147 FSTA JRUFH
14% STARTF
149 TRAP4 PDPT
150 FLDA 30

2t ok o
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/XEREC 2000 FORTRAN IV G-#MODE ZURRGUTINES

282 JAC
15/
2153 /TAPE PARRMETER INITIALIZATION ZECTION (MODE = Q)
184 7
155 Mz, FLDAZ 3 JGET WORD ¢ VALUE (JBUF)
15¢ ALN ©
157 STARTD
254 FSTA NWD4H
15¢ STARTF
150 TRAP4 PDPZ /60 TO ZERQ 5~-MODE SECTION
iel FLDA 30
1ed JAC
le3d /
164 /TAPE REGISTER READ ZECTIGN (MODE = -1
155 7
lee M1, TRAPS PDPMI 760 To Z-MADE SECTIGN To READ REGISTERE
167 STARTD
16& FLDARZ 0.2 /RETURN WORD 2 (IREG)
1569 F2TA 3 ’
170 STARTF
iTz FLDA WGZ
17z FNORM
ir3 F3TR2 3
174 STRARTD
7S FLDAZ 0.3 /RETURN WORD 3 (TCGM)
iTé FSTA 3
iTT STARTF
7 FLDA WD3
79 FNORM
rEdY FETRL 3
P& STARTD
i FLDRZ 0.4 JRETURN HWORD 4 (JRUF)
b4 FETRA 3
1z STARTF
H FLDA JBUF
N FNGRM
E F2TRZ 3
STARTD
FLDAZ 0.5 /RETURN HORD 5 (JCNT)
FSTA 3
STARTF
FLDA WDS
FNORM
F8TARZ 3
FLDA 30
JAC

19%  /2-MODE

TAPE CONTROL SECTION

COMMZI REGQSH

262
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> SXEBEC 9000 FORTRAN 1V £=-MODE ZUBROUTINES
202 OrRG ,+400
r 202 7/
> 203 /2-MODE TAPE CONTROL (NODE = 1)
- 204 7
7 205 POPT, O
2 208 cLa
o 207 TAD WD2L JGET THIS UNIT NOP COMMAND POINTER
N 208 AND K3
209 TAD TNOP+1
220 DCA TNOP
. 211 TAD WD2L GET THIS UNIT LAST CONMANTD POINTER
- 212 AND K3
- 223 TAD TCOM=1
s 214 DCA TCOM
. 218 I3F /MO INTERRUPTS
. . 226 SKNB /ISSUE WGP COMMAND WHEN CUNTRGLLER READY
~ 2:7 INP -1
. 222 TADZ TNOP
. 229 Loca
-, 220 CLA
- 227 RD3T /NAIT UNTIL THIS UNIT IS ON LINE, READY
-~ 222 AND K7000 /BHD NOT REWINDING
v 223 TAD M5000
o 224 S5ZA CLA
2 225 INP .-4
226 TAD JBUFL /LOAD Lt BUFFER ADDRESS
5 237 LOMA
= 228 cLA
o 229 TAD JBUFH /LAD HI BUFFER ADDRESS
.- 230 AND KI7
- 251 LDNF
" 232 CLA
- 233 TAD WDSH JLOAD HI AORD COUNT
234 AND KI7
= 235 LHKNC
" 235 CLA
-, 237 TAD WDSL JLOAD LO HAORD CCUNT
j 232 LDNC
X 239 CLA
. 240 TAD MWD3L /FORM CGMMAND WORD
. 241 AND Ki7
242 BSH ;
. 243 CLL RTL v
. 244 TADZ TNOP B
- 245 LDCH /LIAD COMMAND HWORD AND GO R
- 246 DCAZ TCOM /5RVE COHMMAND WCRD ST
- 247 SKNB o
> 248 INP -1 RN
- 249 C1F CDF © A
250 10N JTURAN THE INTERRUPTS BACK IN el
‘o
Cal
T4
:4'
4

o
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N
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N 264
q.‘ V
»
N
‘.I
L
4? /XEREC <000 FORTRAN 14 i~MODE ZUBRCGUTINES
51 JMPZ PDPT / DONE .
> 252 4
. 253 /S-MODE PARAMETER INITIALIZATION (MUDE = O
¢ 254 7
- 255 PDPI, O
- 256 CLA
o 257 TAD W4D2L /CALCULATE TAPE NGP ADDRESS
25¢ AND K3
2859 TAD TNOP+1
X 260 DCA TNuaP
X 281 TAD WDSL /MASK FORMAT WORD
" 262 AND K3
< 253 JCA WD3H
. 254 TAD WD4L /MASK PARITY-DENSITY WORD
N 265 AND K3
e 266 DCA WDsH
2657 TAD WDSL /MASK THREZHOLD-GAP WGRD
N 268 AND K3
s 269 DCA WDSH
~ a7 TAD MWD3L /BUILD NOR COMMAND
- 71 CLL RTL
- 72 TAD WD9H
" 73 RTL
- 274 TAD NDSH
275 RTL
q 276 TAD WDIL
0N 77 .DCAT TNGP /STORE NOP COMMAND
- et CIF C2F ©
- are JNPL PDPZ /DONE
o 280/
o 231 /3-MODE REGISTER SECTION (MODE = ~1»

/
POPMLI. O

- 10F JTURN OFF INTERRUPTS

- JKNR J/WAIT UNTIL CUNTRCGLLER NGT BUSY
K IHP -1
A ADKC /GET LU RESIDUAL WORD COUNT
.. DCA WDSL
o8 RHWC J/GET HI RESIDUAL WORD COUNT
o AND KI7

- DCA WDSH

' TADZ TCOM JGET LAST UNIT TAPE CUGMMAND
- DCA MD3L

-, DCA MD3H

- RDST /GET STATUS REGISTER

. DCA WDZL

- RDES /6ET ERROR REGIZTER

. DCA WDZH

CIF ChF ©
13N PTURN N INTZRRUPTE

o
.4
,./
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: "XEREC 4000 FORTRAN IV i-MaBI SUBRCUTINES oL
|
j01 INFT PTPWL . DONE P
Jor 7 !;,'
-, 303  /PARAMETERS i
3 04/ L
o 305 MNODE, O et
o 306  ONE, b e
- 307 THO, 2 GG
“ 308 THRE, 3 [ONe
309 FOUR, & :
310 FIVE. &
AC 31: wWp2, 27 /IUNT/IUNT/IREG
. 31z wp2H, O
- 313 MWpZL. 0O

WD3.

“ 3i4 7 7ICOM/IFMT/TCOM
- 315 WD3H.
- 316 WD3L,
. 317 WD+, 7 +IBUF /PRDN/IBUF

312 WD4H,
~ 319 WD4L.

- 320 WDS, JICNT/RTFG/ICNT

" 327 WDSH,
N 322 WDSL.
- 325 JBUF. 7

324 JBUFH,
325 JBUFL,

00'\‘-000\-100'000':-

326 TNOP, ADDR TNOPO /NOP INSTRUCTION POINTER 3

327 TNOPO, 240 /244 = FAST GAP :

328 TNOPI, 241 SR
. 329 TNOPZ, 24z wot

330 TNGP3, 43 hASA

331 TCOM,  ADDR TCUMO DA

332 TCOMO. O A

3335 rCOMZI, O NG

334 TCOMZ, © >

335 TCOM3, O 23

332 K3, 3

337 KiT. 7

358 K7000, 7000

337 Me000. -60Q00

340

.
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